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1 Introduction
In RAN1#66 and RAN1#66bis meeting, following agreement has been made,

In RAN1#66,

· No new TDD UL/DL configurations will be considered in this WI.

· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL/DL configuration of each aggregated CC. 

· Note that depending on how the Rel-10 signalling is modified, it should be ensured that CCs in the same band have the same configuration. 
In RAN1#66bis
· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

Observed benefits of supporting inter-band CA of TDD CCs with different configurations

· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

Email discussions took place between until RAN1#67 on the details of supporting different TDD UL-DL configurations on different bands.
2 Discussion
2.1 Support of cross-carrier scheduling
(a) Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
Please note that in heterogeneous network, support of cross-carrier scheduling is for inter-cell interference cancellation.
The following table summarizes the expressed views 

	Company
	Comments

	CATT
	Cross-carrier scheduling as defined in Rel-10, i.e. PDCCH in a serving cell schedules PDSCH/PUSCH in another serving cell in the same subframe, can be directly inherited for TDD inter-band carrier aggregation systems, in the sense that there is no new functionality required. On the other hand, cross-carrier and cross subframe scheduling (or multi-TTI scheduling) shall be avoided since it effectively requires new scheduling timing compared to Rel-8, which significantly increases the implementation complexity.

	ZTE
	Yes. In our view, cross-carrier scheduling is also beneficial to PDCCH load balancing or CA based eICIC in het-net scenario for the case of aggregation of cells with different TDD UL-DL configurations. Concern on standard impact can be mitigated by e.g. limiting the cases where cross-carrier scheduling is permitted.

	Pantech
	We also have a same view with ZTE. There can be cases to be able to use highly cross-carrier scheduling on inter-band CA with different TDD configuration. Regarding concern on standard impact, it could avoid much standard impact with the certain design principle (e.g. restriction of TDD UL-DL configuration or scheduling restriction). 

	Ericsson, ST-Ericsson
	It is proposed to focus on enhanced CCH solutions with its characteristic abilities to be scheduled frequency-selectively and to mitigate inter-cell interference. Solutions based on enhanced CCH can be considered to avoid cross-carrier scheduling across cells with different UL-DL configurations and the associated potentially substantial impact (e.g., cross-subframe scheduling) to core specifications and existing eNB scheduler. PDCCH-based cross-carrier scheduling solutions can be revisited at a later stage.

	ALU/ASB
	If supported, the baseline is: For PDSCH on SCell, cross-carrier scheduling is supported in subframes where the PDSCH subframe on the SCell is also a DL subframe on the PCell. FFS whether cross-carrier scheduling is supported if the PDSCH subframe on the SCell is an UL subframe on the PCell. 
For PUSCH on SCell, cross-carrier scheduling is supported in subframes where the normal SCell scheduling subframe is also a DL subframe on the PCell. FFS whether cross-carrier scheduling is supported if the normal SCell scheduling subframe is an UL subframe on the PCell.

	NSN/Nokia
	We think that it is unreasonable to not support cross-carrier scheduling when different TDD configurations are deployed on carriers, since all the benefits identified in Rel-10 discussions are still valid. Full support of cross-carrier scheduling can be considered for the limited combinations of TDD configurations.

	Panasonic
	We are fine with existing relation of cross scheduling relation. On the other hand, we prefer not to have new cross-scheduling relation for the case of new DL-UL subframe combination between PCell and SCell. For the half duplex UE, such new DL-UL subframe combination cannot be solved by cross-scheduling approach but required to be solved by self scheduling. Then we prefer the same method is also used for other than half duplex UE for the simplification of the spec.

	HW
	In the last meeting, Hetnet is considered to be an important scenario that needs to be supported in inter-band TDD with different UL-DL configurations. Therefore, the cross-carrier scheduling should be supported for Hetnet scenario in carrier aggregation.

	Intel
	We prefer to support cross-carrier scheduling as defined in Rel-10 because it is an important mechanism for inter-cell interference coordination for control channels in heterogeneous network deployments and PDCCH-less carrier aggregation. Additionally, multi-TTI scheduling can be conditionally supported on some limited configuration combinations by taking into account the standard impact for supporting such feature. For the multi-TTI scheduling, two different cases need to be considered for scheduling timing, depending on whether the scheduling Cell/PCell is DL heavy or UL heavy with respect to the other aggregated Cells. 
• For DL heavy scheduling Cell case, the DL/UL scheduling timing of SCell can be fully reused in scheduling Cell/PCell for cross-carrier scheduling on SCell. Therefore, no new scheduling timing is needed comparing with Rel-8. 
• For UL heavy scheduling Cell case, the UL scheduling timing of SCell can always follow the scheduling timing of scheduling Cell/PCell configuration and no new timing is needed as well. However, DL scheduling would be impacted due to less DL subframe in scheduling Cell/PCell; therefore, new scheduling timing compared to Rel-8 is needed for this case. 
Furthermore, we should not decouple the scheduling timing from HARQ timing design. Additional impacts or issues on HARQ timing would be introduced due to the support of multi-TTI scheduling for some configuration combinations.

	Potevio
	 The problematic condition as ALU/ASB listed is also our focus. We think if cross-scheduling is supported, scheduling restriction is a simple solution, which has less specification impact and implementation complexity. We prefer not introducing new cross-scheduling method(e.g., cross-subframe scheduling) or timing.   

	NewPostcom
	 For its good applicability and reliability, especially for Heterogeneous network deployment, PDCCH-less carrier scenario, and MTA scenario which agreed to support from RAN2’s perspective, we support cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations to be considered in Rel-11. And technical details, such as the UL/DL scheduling and HARQ timing issues are still FFS and need further analysis and evaluation. 

	Samsung
	 Yes. By supporting cross-carrier scheduling, ICIC for PDCCH can be achieved without impacting DL peak rate. In case of E-PDCCH, as the resources available for PDSCH are shared with E-PDCCH, DL peak rate is reduced. In addition, PDCCH resource shortage can be relaxed by cross-carrier scheduling by a cell with DL heavy configuration. So the asymmetric PDCCH resources available across aggregated cells can be utilized efficiently. Moreover, according to RAN2 decision, PDCCH for RACH Msg2 sent in common search space can be transmitted on a different serving cell via cross carrier scheduling. Cross-carrier scheduling fits well with random access on SCells to support the multiple TA.

	LG
	 In our views, as shown in R1-113908, two methods are needed to maximize DL/UL throughput with network flexibility for high-end UE (UL CA with simultaneous Tx/Rx capability) with method 1 and to provide additional benefits together with full duplex UEs by possibly aggregating more DL/UL subframes for low-end UE (other cases) with method 2 for inter-band CA with different TDD UL/DL configurations. Then, different considerations are needed as follow;
- For method 1, allowing cross-carrier scheduling within a band and not allowing cross-carrier scheduling across bands are a baseline. However, it can be further studied if cross-carrier scheduling across bands is possible with a limited impact on the specification.
- For method 2, allowing cross-carrier scheduling both within a band and across bands is a baseline. In addition, a relevant solution (e.g. cross-subframe scheduling or other solution) can be introduced for handling of some exceptional cases.

	RIM
	 Yes, we think both separate scheduling and cross-carrier scheduling should be supported. The cross-carrier scheduling is the key for interference-coordination in HetNet scenarios.

	Sharp
	 If supported, we prefer to limit to existing Rel-10 cross-carrier scheduling methods. For full-duplex operation, each cell or band may maintain its own scheduling. Thus, the system may operate even without cross-carrier scheduling. Cross-carrier scheduling may also be supported to have more flexibility with the tradeoff of extra complexity. For half-duplex operation, cross-carrier scheduling may be supported. 

	Qualcomm
	 Cross-carrier control should be supported. Cross-carrier control was adopted in Rel-10 as an important tool for providing inter-cell interference coordination for control channels. The lack of cross-carrier control would pose a serious restriction for the case of heterogeneous network deployments. While aggregation of carriers with different TDD UL-DL subframe configurations offers desirable flexibility in operation for Rel-11, not providing the cross-carrier control for this type of aggregation would imply step down from the Rel-10 functionality. Additional requirements to support the cross-carrier control do not introduce significant specification or complexity impact, and at the same time provide for an important feature also supported by Rel-10. 

	Renesas Mobile
	 cross-carrier scheduling should be supported, since it is already exist in Rel-10 and useful for many use cases. For example for interference avoidance in CA based eICIC scheme; for PDCCH load balancing purpose which is even more useful in unbalance TDD DL/UL subframe on different bands. At the same time, solutions that introduce new HARQ timing should be avoided.

	Texas Instruments
	 One of the motivations for introducing different UL-DL configurations is for het-net support for which cross-cell scheduling was introduced as a key feature in Rel-10. Therefore, this support should be maintained in Rel-11. It is FFS whether to restrict the applicability or allow cross-subframe scheduling.


Responses were received from 18 companies. From the view expressed above, most companies proposed that cross-carrier scheduling is support for UE with different UL-DL configurations between aggregated TDD cells. In addition, other aspects, e.g. multi-TTI/cross-subframe scheduling, or scheduling restriction should be applied for the cross-carrier scheduling is FFS.
Proposal 1:
· At least the following cross-carrier scheduling is supported for UE with different UL-DL configurations between aggregated TDD cells.

· PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n

Open Issue 1:

· Continue discussion the following aspects whether to be supported or not.

· multi-TTI/cross-subframe scheduling

· scheduling restriction

· etc.

(b) For the case cross-carrier scheduling is configured, should DL and/or UL peak data rate be achieved from UE perspective?
The question is a further clarification of whether cross-carrier scheduling and peak data rate are simultaneous achieved from UE perspective. 

Discussion/Company comments:

	Company
	Comments

	CATT
	Ideally with everything else being equal, it is preferable to provide DL and/or UL peak data rate as high as possible. Practically, design tradeoff (e.g. implementation complexity, performance, specification work, etc.) needs to be carefully considered for aspects including but not limited to cross carrier scheduling.

	ZTE
	In the case of cross-carrier scheduling, maximizing the DL peak data rate is desirable for the UEs supporting simultaneous Tx and Rx. For UE without capability of simultaneous Tx and Rx, some scheduling restrictions are acceptable.

	Pantech
	It is desirable to maximize DL and/or UL peak data rate for both eNB and UE even for inter-band CA with different TDD configuration. In this case, regardless whether cross-carrier scheduling is configured or not, we think half duplex or full duplex manner on conflicting subframes is quite related to maximize the peak data rate.

	Ericsson, ST-Ericsson
	Solutions that adapt and/or maximize peak data rates provided to the UE based on the deployment and application needs are preferred. Considering solutions based on enhanced CCH, it does not appear to us that cross-carrier scheduling and peak data rate are tied.

	ALU/ASB
	It is not clear to us how the UE DL/UL peak data rate is directly connected to cross-carrier scheduling. Generally speaking, the UE peak rate should be maximized under the condition that no significant specification impact is introduced.

	NSN/Nokia
	We do not think there are some direct conflicts between cross-carrier scheduling and maximization of peak data rate. Standard impacts should be spent if the use case/motivation is justified.

	HW
	One of the objectives for carrier aggregation is to enhance the peak date rate for UE. Therefore, we need to consider how to efficiently use the resource for UE that is configured with cross-carrier scheduling. However, we also need take the implementation complexity and the specification effort into account when we design how to support cross-carrier scheduling for inter-band CA with different TDD UL-DL configurations.

	Intel
	Maximizing DL and/or UL peak data rate is desirable in general. However, we also share CATT’s view that some trade-off between peak data rate performance and inductive implement/specification complexity need to be evaluated and considered carefully. 

	Potevio
	We think while to enhance peak data rate for UE, design tradeoff (e.g. implementation complexity, specification impact, etc.) as CATT mentioned should be taken into account. 

	NewPostcom
	We think the relationship between cross-carrier scheduling and peak data rate depends on whether UE supports simultaneous Tx and Rx and also restriction on the combination of different UL-DL configurations. For full-duplex UE, if restriction on different UL-DL configurations is supported, maximizing the peak data rate may achieve. For half-duplex UE, since muting the UL or DL transmission in conflict subframe happens, we think peak data rate can be achieved with difficulties. 

	Samsung
	DL/UL peak data rate should be achieved for all the possible approaches including cross-carrier scheduling.

	LG
	In general, the DL/UL peak data rate should be maximized regardless whether cross-carrier scheduling is configured or not. However, the specification impact is also should be considered, simultaneously. In that sense, we need to consider two methods for inter-band CA with different TDD UL/DL configurations.

	RIM
	 In theory, we like to maximize the DL/UL peak data rate. In reality, it may be challenging to do it given the fact of complexity of specification and cost of implementation. Furthermore there are other factors, such as interference coordination, etc., has to be considered at the same time.

	Sharp
	In the absence of any other throughput constraints, DL/UL peak data rate can be achieved from UE perspective. 

	Qualcomm
	DL/UL peak data rate should be achieved for all the possible approaches including cross-carrier scheduling.

	Renesas Mobile
	In our view cross-carrier scheduling and achieving DL/UL peak data rate are independent features in that they are not always tied together. It is always desirable to maximize the peak data rate in a specific scenario, but the complexity of such increase should be reasonable.

	Texas Instruments
	This would be desirable but we see there may possible tradeoffs between this ideal objective and complexity of the solution in terms of specification and implementation impact. 

	
	


Responses were received from 17 companies. From the view expressed above, it is proposed 
Open Issue 2:

· Continue discussion whether peak data rate from UE perspective should be supported when cross-carrier scheduling is configured,
· for all scenarios

· only for UE supporting simultaneous Tx/Rx

· for all TDD combinations

· only for restricted combination of different UL-DL configurations
2.2 How many bands are supported?
Discussion/Company comments:

	Company
	Comments

	CATT
	Typically the RAN1 design is band-agnostic. Unless there is a strong motivation (e.g. to simplify the design without significant performance loss) to restrict the number of supported bands from RAN1 perspective, it is preferred to keep this aspect agnostic to RAN1.

	ZTE
	We think two different UL-DL configurations among aggregated cells can satisfy the requirement of co-existence or realistic het-net deployments, so we are fine with the proposal that at most 2 bands are supported for inter-band CA with different UL-DL configuration in R11.

	Pantech
	We think that at most two bands are enough to discuss for inter-band CA when considering practical deployment scenario and simple design.

	Ericsson, ST-Ericsson
	 Solutions requiring no restriction or special treatment on the number of aggregated bands (up to five) are preferred to simplify core specifications. RAN4 can specify specific band combinations.

	ALU/ASB
	two, considering the UE’s complexity, e.g., simultaneous Tx/Rx.

	NSN/Nokia
	Two bands, considering the practical UE capability. On the other hand, we think that RAN1 should focus on the number of different TDD configurations that can be combined instead of number of bands to be supported. 

	Panasonic
	2 bands are sufficient and inter-band CA for different TDD UL-DL configurations should be optimized for 2 bands. More than 2 bands are not necessary to be optimized. If non-optimized operation is still complex, it is also fine to remove more than 2 bands in Rel 11.

	HW
	Considering the complexity of specification and realistic usages, it is reasonable to supports TDD inter-band CA with at most 2 different UL-DL configurations, even though more than 2 carriers may be aggregated in the system.

	Intel
	We prefer to limit the number of supported bands to two, based on the considerations of realistic deployment requirement, RAN4’s workload and reducing the effort/complexity of specification/implementation.   Additionally, the detailed discussion and decision on the specific number of supported bands and the band combinations for Rel-11 TDD CA will be decided by RAN4 on a case by case basis. 

	Potevio
	At most two bands are supported, considering realistic application scenario, the complexity of UE and the needed specification efforts.

	NewPostcom
	Under normal circumstances, we think the inter-band carrier aggregation between two bands is usually a high probability event which probably easy for operator’s allocation.Due to the limited WI timeline of Rel-11, for simiplicity and reality in implementation, it is preferred to restrict inter-band carrier aggregation with different UL-DL configurations to at most two bands in Rel-11.

	Samsung
	The discussion on the number of bands would be for RAN4. Two different TDD UL-DL configurations seem sufficient both from standardization efforts and practical operations/implementation perspectives.

	LG
	Based on two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2),
- For method 1, there is no limitation up to 5 configured serving cells in band-agnostic design in RAN1.
- For method 2, at most 2 bands are supported to reduce the complexity and specification efforts.

	RIM
	We support to consider 2 bands as baseline. And more than two bands may not be so realistic.

	Sharp
	The limitation on the number of bands is not necessary. Instead, we should consider limiting the number of TDD configurations aggregated. Within the constraints of the number of carriers aggregated currently, there should be no restriction on the number of TDD configurations.

	Qualcomm
	In Rel-11, two bands seem sufficient both from standardization, implementation and practical operation perspectives. However, if possible, the specification should be transparent to the number of bands, and it should be left to RAN4 to decide on the actual number of bands for aggregation. 

	Renesas Mobile
	Support for maximum two different TDD configurations is enough. We do not see a good motivation to support more than two different TDD configurations. The band combinations should be determined by RAN4 and RAN1 should not impose any limitation on the band combinations.

	Texas Instruments
	Although this is also a RAN4 topic we see that RAN1 workload can be reduced if we restrict a UE to support at most two different UL-DL configurations. Agree with Renesas that RAN4 can decide the band combinations.


Responses were received from 18 companies. From the view expressed above, suggested proposals could be consolidated as follows,
Proposal 2 
· The number of supported bands
· keep the number of supported bands agnostic to RAN1 

· The maximum number of different TDD UL-DL configurations among the cells aggregated by the UE 

· Option 1: 

· No limitation, i.e. the detailed design is not dependent on the maximum number of different TDD UL-DL configurations 

· Option 2: 

· At most 2 TDD UL-DL configurations are supported
Open Issue 3

· Continue discussion the maximum number of different TDD UL-DL configurations among the cells aggregated by the UE 

· Option 1: 

· No limitation, i.e. the detailed design is not dependent on the maximum number of different TDD UL-DL configurations 

· Option 2: 

· At most 2 TDD UL-DL configurations are supported
2.3 TDD UL-DL configurations combinations
Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

Discussion/Company comments:

	Company
	Comments

	CATT
	It is preferred not to enforce any restrictions on the combination of TDD UL-DL configurations, unless there is a strong motivation to do so. For example, certain combinations of TDD UL-DL configurations may effectively lead to a new TDD UL-DL configuration compared to those supported in Rel-8. Then it is reasonable not to support these combinations of TDD UL-DL configurations in Rel-11, in order to avoid significant impact on implementations.

	ZTE
	Yes. We prefer restricting the combinations of UL-DL configurations for the case of cross-carrier scheduling to reduce standard impact. In particular, inter-band DL CA should be independent of inter-band UL CA, and then it is possible to independently restrict the use of inter-band UL CA for some combinations where it is hard to support cross-carrier UL scheduling by reusing timelines defined in R8 for the UL synchronous HARQ, e.g. {configuration 0, configuration1}.

	Pantech
	It can be one of good solution to reduce the standard efforts especially for the case of cross-carrier scheduling. However, if we consider the flexibility of network deployment on TDD configuration for each band, it seems somewhat that this kind of restriction of UL-DL configuration on inter-band may not be welcome. So, we firstly need to check the necessity of this restriction based on real deployment scenarios.

	Ericsson, ST-Ericsson
	Solutions requiring no restriction or special treatment on the combinations of TDD UL-DL configurations are preferred to simplify core specifications. Specific configuration combinations are the choices of the operators to suit particular deployment and application scenarios.

	ALU/ASB
	All the configurations should be supported. If not, at least configuration 5 should be supported, as analyzed in R1-113312.

	NSN/Nokia
	We prefer to have some restrictions on the possible combinations of TDD configurations, in order to limit the standard impacts of the timing issues of A/N and cross-carrier scheduling. In particular, we propose to have combinations among configuration {0, 1, 2}, which can already serve almost all the identified motivations of this feature.

	Panasonic
	Similar to FDD, we see the UE category that only PCell support UL but not for SCell. In such type of UE, the case of DL subframe on PCell and UL subframe on SCell should be avoided as the restriction of the combinations.  For such category of UE, HARQ-ACK transmission on PCell is not possible in such combination.

	HW
	The limitation of the combinations could help to simplify the HARQ timing design. We propose that the possible combinations only support the different UL-DL configurations with same DL-to-UL switch-point periodicity.

	Intel
	We agree with Ericsson’s view that solutions requiring no restriction or special treatment on the combinations of TDD UL-DL configurations are preferred to simplify core specifications. 

	Potevio
	We prefer restricting some combinations of UL-DL configuration to simplify specification. 

	NewPostcom
	For keeping co-existence with legacy system with limited TDD UL-DL configurations, and solving scheduling blocking problem which decreases the resource utilization if different UL-DL configurations differ too much, all the TDD UL-DL configurations cannot be arbitrarily combined. Therefore, we think it should restrict the combinations of TDD UL-DL configurations for inter-band carrier aggregation in Rel-11.

	Samsung
	 FFS.

	LG
	Based on two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2),

· For method 1, there is no restriction and the degree of freedom fully supported.
· For method 2, the restriction for combinations of UL/DL configurations is FFS.



	RIM
	Yes, there should be restrictions on the combination. For example, 5ms switching periodicity configurations should not be combined with 10ms ones. Moreover, some combinations may lead to fewer issues on scheduling timing and HARQ timing. The restriction may be helpful for the timing design in the specification.

	Sharp
	No restriction on the combinations of UL-DL configurations is needed. Some restrictions may be possible to simplify the current specification design. However, if applied, restrictions may impede the use of resources by operators and may make the specification difficult for future evolution.

	Qualcomm
	Support some restrictions on which combinations of UL-DL configurations can be aggregated, e.g., the combinations of DL/UL configurations (1, 3), (2, 3), and (2, 4) are not supported in Rel-11.

	Renesas Mobile
	Restricting the combinations will impose some limitations on the identified benefits of CC specific TDD configurations. A unified solution for all combinations is preferred to allow more flexibility. Combination-dependent solutions should be avoided to ease the complexity and specification work.

	Texas Instruments
	Based on the observed scheduling and HARQ issues we agree with NSN/Nokia that it is reasonable to restrict the combinations to be from the set {0, 1, 2}.


Responses were received from 18 companies. Companies expressed their view not to limit the combination of TDD configurations. However, in order to simplify the impact on specification as well as implementations, certain combinations of TDD configurations may not be supported or optimized. 
Open Issue 4: 

· Continue discussion whether limitation of combinations of TDD UL-DL configurations are needed.
2.4 Timing
(a) Same HARQ timing rules as in Rel-10?
Companies are encouraged to provide clarification on what “same HARQ timing rules in Rel-10” means while providing the answer.

Discussion/Company comments:

	CATT
	It is important from implementation perspective that no new HARQ timing beyond those defined in Rel-8/Rel-10 is introduced in Rel-11. In other words, it shall be possible to use one of the Rel-8/Rel-10 HARQ timings for a TDD UE connected in an inter-band carrier aggregation system with a certain combination of TDD UL-DL configurations on different serving cells. It is also noted that HARQ timing is also related to scheduling timing. 

	ZTE
	No new HARQ timeline is introduced. HARQ timing rules defined in R8 for different UL-DL configurations are reused.

	Pantech
	According to TDD UEs’s CA configuration, new HARQ timing can be considered because some UEs is possible to support inter-band CA for only DL CCs but, together with single UL serving cell. However, except above case, same HARQ timing rule can be reused by using UL transmission on SCell.

	Ericsson, ST-Ericsson
	The HARQ timing rules from Rel-10 are reused. For PDSCH HARQ feedback, a UE is configured with a PDSCH HARQ timing reference configuration number via RRC signaling

	ALU/ASB
	We understand this to refer to the timing relationship between data transmission and ACK/NACK. New HARQ timing needs to be supported, as introduced in R1-113313.

	NSN/Nokia
	We understand the “same HARQ timing rules in Rel-10” as any of the existing mapping rules between PDSCH (PUSCH) and A/N on PUCCH/PUSCH (PHICH) defined in Rel-10 associated with any of the TDD configurations. Same HARQ timing rule in Rel-10 should be re-used for PCell in order to avoid PUCCH (PHICH) resource collision, and the same mapping rule associated with PCell TDD configuration should be re-used for SCell as much as possible. However, we think for some combinations of TDD configurations, new HARQ timing rules need to be defined.

	Panasonic
	The same HARQ process number, mapping as in Rel-10 should be used. The new combination cases are handled as new HARQ process number and mapping, if the cases are not avoided by scheduling. 

	HW
	From our perspective, the HARQ timing includes the UL ACK/NAK and PHICH feedback timing. 
In our understanding, “same HARQ timing rules in Rel-10” means that we can reuse the HARQ timing of other UL-DL  configuration from the Rel-10 HARQ timing table for inter-band TDD e.g. the SCell reuse the HARQ- timing of PCell. But, we should not design new HARQ timing beyond the existing HARQ-timing of Rel-10.

	Intel
	We prefer not to introduce new HARQ timing rule beyond those already defined in Rel-8/9/10. Flexible reusing of existing HARQ timings should be considered for Rel-11 HARQ timing design. 

	Potevio
	No new HARQ timeline is introduced. We also have the question, if HARQ timing of SCell follows PCell’s, whether this is a new timing? 

	NewPostcom
	If cross-carrier scheduling is supported for aggregated TDD cells with different UL-DL configurations, existing HARQ and UL&DL scheduling timing rules need further consideration and evaluation to be changed or not. But it is desirable to keep the same. 

	Samsung
	Additional UL HARQ-ACK transmission timing is preferred to be added in Rel-11 to well support PUCCH transmission on Pcell as done in Rel-10 without scheduler restrictions. Among all possible combinations of different TDD UL-DL configurations between Pcell and Scell, the cases that UL HARQ-ACK transmission on Pcell for a PDSCH of Scell cannot follow the UL HARQ-ACK timing defined in Rel-10 for the TDD UL-DL configuration of Scell, due to the absence of the UL subframe in the corresponding timing on Pcell amounts to about 28%. This problem arises whether cross-carrier scheduling or self scheduling is applied.

	LG
	Based on two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2),

· For method 1, the same Rel-10 HARQ timing per cell according to the UL/DL configuration of each cell is applied.

· For method 2, reuse of the existing Rel-10 HARQ timing is a baseline by defining the reference UL/DL configuration whose HARQ timing is applicable across different UL/DL configurations.



	RIM
	We think no new timing rules should be introduced. Reuse Rel-10 timing rules as much as possible.

	Sharp
	Two kinds of HARQ timing rules should be discussed separately.

1)
PUSCH HARQ-ACK feedback on PHICH or PDCCH 

If PHICH is always on the scheduling CC, the existing PUSCH HARQ-ACK timing can be reused.

2)
PDSCH HARQ-ACK feedback on PUCCH or PUSCH 

A unified solution is desirable for both full-duplex and half-duplex. The PDSCH HARQ timing of the PCell should be maintained the same between inter-band CA and non-CA/intra-band CA for the backward compatibility, and the PDSCH HARQ timing rules of SCell should FFS considering the PUCCH design. For example, SCell should follow PCell HARQ timing with some extension.



	Qualcomm
	No new H-ARQ timeline (PDSCH to ACK/NAK, and UL HARQ) in Rel-11 compared with the existing set of Rel-10 H-ARQ timelines. In some cases, the H-ARQ timeline of a CC of one UL-DL subframe configuration shall follow the H-ARQ timeline of another CC of a different UL-DL subframe configuration. 

	Renesas Mobile
	According to our understanding having the same HARQ timing rules as in Rel-10’ means that the HARQ timing used for CC specific TDD configurations is the same as for one of the existing seven TDD configurations in Rel-10 as it should be possible to reuse the HARQ timing of a different TDD configuration. The same HARQ timing rules as in Rel-10 should be kept for CC specific TDD configuration to avoid significant specification work and complexity.

	Texas Instruments
	In our understanding “same HARQ timing” means PDSCH->A/N on PUCCH or PUSCH->A/N on PHICH follows the Rel-10 SCell timing. In this case new HARQ timing rules can be considered for SCell but should be from the set of HARQ timings in Rel-10.   


Responses were received from 18 companies. From the view expressed above, 

Proposal 3 (open Issue5):

Option 1: Additional HARQ-ACK transmission timing out of existing HARQ timing in Rel-8/9/10.
Option 2: No new HARQ timing. Here “no new HARQ timing” means
· No new HARQ timing table beyond those already defined in Rel-8/9/10. 
· The UEs reference H-ARQ timeline of the TDD UL-DL configuration for a CC of one TDD UL-DL configuration is FFS.
(b) Same scheduling timing as in Rel-10?
Companies are encouraged to provide clarification on what “same scheduling timing rules in Rel-10” means while providing the answer.

Discussion/Company comments:

	Company
	Comments

	CATT
	It is important from implementation perspective that no new scheduling timing beyond those defined in Rel-8/Rel-10 is introduced in Rel-11. In other words, it shall be possible to use one of the Rel-8/Rel-10 scheduling timings for a TDD UE connected in an inter-band carrier aggregation system with a certain combination of TDD UL-DL configurations on different serving cells.

	ZTE
	Cross-subframe PDSCH scheduling can be considered as complementary mechanism, when a CC is cross-scheduled by a CC with less DL subframes, which is different to R10 DL scheduling. Apart from that, no new DL and UL scheduling timing is introduced. The UL scheduling time rules defined in R8 for different UL-DL configurations are reused.

	Pantech
	We also share ZTE’s view.

	Ericsson, ST-Ericsson
	Agree with CATT that it is important from implementation perspective that no new scheduling timing beyond those defined in Rel-8/Rel-10 is introduced in Rel-11. No change to scheduling timing rules is foreseen if cross-carrier scheduling between cells with different UL-DL configurations is not supported. It is proposed to focus on enhanced CCH solutions with its characteristic abilities to be scheduled frequency-selectively and to mitigate inter-cell interference. 

	ALU/ASB
	We understand this to refer to the timing relationship between PDCCH grant/assignment and data transmission. Answer: If cross-carrier scheduling is not supported (or is supported only in certain subframes), the Rel-10 scheduling timing can be reused. 

	NSN/Nokia
	We understand the “same scheduling timing rules in Rel-10” as any of the existing mapping rules between PDSCH (PUSCH) and corresponding DL assignment (UL grant/PHICH) defined in Rel-10 associated with any of the TDD configurations. For DL, multi-TTI scheduling can be considered to fully utilize all DL resources on SCell through cross-carrier scheduling. For UL, same scheduling timing rule in Rel-10 should be re-used for PCell in order to avoid PHICH resource collision, and in order to fully utilize all UL resources on SCell through cross-carrier scheduling for some combinations of TDD configurations, new scheduling timing rules need to be defined.

	Panasonic
	The same scheduling timing from DL assignment reception to HARQ-ACK transmission, and from UL grant reception to UL data transmission and PHICH reception. The new DL-UL combination cases are handled as new scheduling timing, if the cases are not avoided by scheduling.

	HW
	From our perspective, the scheduling timing relates to the PDCCH-to-PDSCH/PUSCH timing. 

For non cross-carrier scheduling, we don’t find any reason to change the current timing between PDCCH and PDSCH/PUSCH. We propose to use the same scheduling timing for each UL- DL configuration of Rel-10. 
For cross-carrier scheduling, the design for the scheduling timing should take both the resource utilization efficiency and the specification efforts into account. Some schemes could be considered, if we want to efficiently use all resource when the UE is configured with cross-carrier scheduling, e.g. multi-subframe scheduling, meanwhile, we also should take specification impact into account.

	Intel
	We have not observed issues from scheduling timing in both DL heavy case and UL heavy case by reusing the scheduling timing defined in Rel-8/9/10, with the exception that multi-TTI scheduling is needed in UL heavy case. For UL heavy case, we prefer to support the multi-TTI scheduling for DL subframes of SCell in order to maximize the DL peak data rate. For the UL scheduling timing, no new scheduling time is introduced. 

	Potevio
	The same scheduling timing as in Rel-10 can be reused.

	NewPostcom
	If cross-carrier scheduling is supported for aggregated TDD cells with different UL-DL configurations, existing HARQ and UL&DL scheduling timing rules need further consideration and evalution to be changed or not. But it is desirable to keep the same. 

	Samsung
	In case cross-carrier scheduling is supported, adjustment of scheduling timing from Rel-10 seems inevitable to address the timing of the mismatched subframe pairs. In case cross-carrier scheduling is not supported, the scheduling timing can be kept as in Rel-10

	LG
	Based on two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2),

· For method 1, the same Rel-10 scheduling timing per cell according to the UL/DL configuration of each cell is applied.
· For method 2, reuse of the existing Rel-10 scheduling timing is a baseline with the reference UL/DL configuration. In addition, a relevant solution can be introduced for some exceptional cases in case of cross-carrier scheduling.



	RIM
	For separate scheduling, there is no reason to introduce the new timing, reuse the same timing rules have already defined in Rel-10. For cross-carrier scheduling, control channel based solutions should be considered.

	Sharp
	Yes, the Rel-10 scheduling timing should be reused for both half-duplex and full-duplex. If cross-carrier scheduling is supported, it should be limited to Rel-10 methods. 

	Qualcomm
	As said earlier, no new H-ARQ timeline in Rel-11 compared with the existing set of Rel-10 H-ARQ timelines. In some cases, the H-ARQ timeline of a CC of one UL-DL subframe configuration shall follow the H-ARQ timeline of another CC of a different UL-DL subframe configuration. However, in some cases if cross-subframe scheduling is needed, the grant for some DL subframes will need to be transmitted in advance, but this should not change the HARQ timeline (actual PDSCH transmission to ACK/NACK feedback).

	Renesas Mobile
	In our understanding, the ‘same scheduling timing rules in Rel-10’ means that the eNB is using the same scheduling timing for UEs with CC specific TDD configurations as for all other UEs. The solutions to keep same scheduling timing as in Rel-10 should be prioritized in order to avoid increased eNB scheduler complexity.

	Texas Instruments
	For self-scheduling maintain Rel-10 timing. For cross scheduling, cross-subframe scheduling is FFS.


Responses were received from 18 companies. From the view expressed above, for different scenarios are identified for different level of common understanding.
Proposal 4:
The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling (based on discussion in section 2.1),

· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.
· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· FFS
Open Issue 6:
· For cross-carrier scheduling,

· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· FFS

2.5 PUCCH transmission
(a) Is PUCCH still transmitted on only 1 CC?

Discussion/Company comments:

	Company
	Comments

	CATT
	For TDD UEs configured with inter-band carrier aggregation only in downlink (i.e. only a single configured serving cell in uplink), it is necessary that PUCCH is transmitted only on the single configured serving cell in uplink. RAN1 design shall at least support such TDD inter-band CA UEs with PUCCH always transmitted on one serving cell.

	ZTE
	Yes. 

	Pantech
	Yes.

	Ericsson, ST-Ericsson
	It is preferred to have a unified solution for different UE CA capabilities to simplify core specifications. PUCCH should be transmitted on the Pcell.

	ALU/ASB
	Yes. 

	NSN/Nokia
	Yes.

	Panasonic
	FFS. This should be discussed after PUCCH transmission is allowed on SCell or not.

	HW
	PUCCH should be transmitted on only 1CC since some UEs don’t have the ability to support UL carrier aggregation due to the limitation of maximum transmitting power.

	Intel
	Yes, we prefer to transmit the PUCCH on only 1 CC. For inter-band DL CA, PUCCH transmission should be designed to support UE with single RF chain. The solution can also be reused for UE with multiple RF chains. Hence a single solution suffices and no additional standard effort is needed. 

	Potevio
	Yes

	NewPostcom
	In order to solve the possibility of multiple periodic CSI feedback collision and frequent CSI dropping issue, PUCCH is not necessary to be still transmitted on only 1 CC in Rel-11. Multiple PUCCHs scheme could be a way to report multiple periodic CSI feedbacks, and thus PUCCH on SCell would be considered for enhancement. 

	Samsung
	Yes. In Rel-10, PUCCH can be transmitted on only 1 CC (Pcell) regardless of how many UL CCs are configured to the UE. The situation in Rel-11 is not so different from that in Rel-10. Considering UL CA capability is UE-specific and some UEs may support only 1 UL CC, PUCCH transmission on only 1 UL CC should be supported as in Rel-10. It should be noted that when the UE can transmit PUCCH separately from multiple cells in a subframe, it is always possible that the UE transmits a PUCCH on only a single cell by aggregating the UCIs in the PUCCH, as done in Rel-10

	LG
	Based on two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2),

· For method 1, PUCCH can be transmitted on multiple CCs (1 CC per group or band).

· For method 2, PUCCH is always transmitted on only 1 CC (i.e. PCell).


	RIM
	 Yes, However, it should be able to switch between Pcell and Scell

	Sharp
	 Yes. 

	Qualcomm
	Support PUCCH on PCC only; the H-ARQ timeline of a scheduled SCC shall follow the H-ARQ timeline of PCC when necessary. PUCCH on SCC (parallel with PUCCH on PCC, or semi-statically switched from PUCCH on PCC based on UL availability) is FFS.

	Renesas Mobile
	Aligned with the Rel-10 principle, PUCCH is still transmitted on only 1 CC.

	Texas Instruments
	Yes.


Responses were received from 18 companies. From the view expressed above, two different options are proposed,
· Option 1: PUCCH still transmitted on only 1 CC (15)

· Option 2: PUCCH can be transmitted on multiple CCs (2)

· FFS (1)
(b) Is PUCCH always on the PCell?
Discussion/Company comments:

	Company
	Comments

	CATT
	For TDD UEs configured with inter-band carrier aggregation only in downlink (i.e. only a single configured serving cell in uplink), the single configured serving cell in uplink is automatically the PCell. RAN1 design shall at least support such TDD inter-band CA UEs with PUCCH always transmitted on the PCell.

	ZTE
	For inter-band UL CA capable UEs, PUCCH can be transmitted on Scell only when no valid UL subframe on Pcell. Otherwise PUCCH is always on Pcell. 

	Pantech
	If the case pointed out CATT is considered, to allow PUCCH transmission on Scell could be meaningless approach due to no transmission opportunity on SCell. So, basically, we prefer PUCCH transmission on PCell. But, for UEs configured multiple serving cells in uplink, PUCCH can be transmitted on SCell.

	Ericsson, ST-Ericsson
	It is preferred to have a unified solution for different UE CA capabilities to simplify core specifications. PUCCH should be transmitted on the Pcell.

	ALU/ASB
	Yes.

	NSN/Nokia
	Yes.

	Panasonic
	PUCCH is transmitted only on PCell for the UE supporting “PCell only UL”. PUCCH transmission on SCell is allowed for the UE supporting “both UL”.

	HW
	PUCCH should be always transmitted on PCell to avoid the ambiguity on HARQ-ACK resource allocation when SCell is added, removed, reconfigured or (de)activated.

	Intel
	Yes, we support PUCCH is always transmitted at PCell. It should be noted that the impacts on PUCCH performance due to inter-band OFF-ON transient period should be carefully evaluated, when considering the PUCCH transmission on SCell. 

	Potevio
	One PUCCH is transmitted in one TTI. PUCCH can be transmitted on secondary CC.

	NewPostcom
	PUCCH on SCell could be considered for enhancement. 

	Samsung
	Yes. Considering some UEs may have the capability of supporting only 1 UL CC in Rel-11, the UL CC for those UEs will be the only Pcell. In addition to the Pcell based PUCCH transmission mode, PUCCH transmission from an Scell, especially for the cases that multiple cells are configured in UL, seems unnecessary transmission mode and this will lead to additional implementation complexity.

	LG
	Based on two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2),

· For method 1, PUCCH can be transmitted on the PCell as well as SCell.

· For method 2, PUCCH is always transmitted only on the PCell.


	RIM
	It should be transmitted on Pcell as much as possible. However, in the case of no UL subframe on Pcell, to reuse the Rel-10 timing,it should be able to transmitted on Scell as well

	Sharp
	 We slightly prefer PUCCH on PCell only. 

	Qualcomm
	Support PUCCH on PCC only; the H-ARQ timeline of a scheduled SCC shall follow the H-ARQ timeline of PCC when necessary. PUCCH on SCC (parallel with PUCCH on PCC, or semi-statically switched from PUCCH on PCC based on UL availability) is FFS.

	Renesas Mobile
	Our preference is that the PUCCH is extended to Scell when Pcell is not an UL subframe, unless RAN1 identifies that the additional complexity from such extension is significant. One benefit from this is it doesn’t change the HARQ timing on Scell compared to Rel-10. Note that even if there is no PUCCH on the Scell, the HARQ-ACK timing doesn’t have to change if there is a PUSCH transmission in the Scell, as HARQ-ACK can be piggybacked on the Scell PUSCH in the same way as in Rel-10. 

	Texas Instruments
	Yes. Recall that DL CA and 1 UL CC was one of the primary reasons to specify PUCCH only on PCell in Rel-10. Since this use case is still relevant in Rel-11 we should maintain the same Rel-10 rule of PUCCH only on PCell.


Responses were received from 18 companies. Since the UL subframe may not be available on PCell, it seems to be something different to Rel-10 design. In Rel-10, PUCCH is only on PCell. Following the observation from multiple companies, 
Proposal 5:

· Proposal 5: PUCCH is transmitted on at least PCell. 
· FFS on whether PUCCH is needed to be transmitted on SCell when UL subframe is available on PCell or not available on PCell.
· Open Issue 7: Continue discussion whether PUCCH is needed to be transmitted on SCell when UL subframe is available on PCell or not available on PCell.

2.6 PHICH transmission
Is PHICH transmitted on the cell carrying the UL grant?

Discussion/Company comments:
	Company
	Comments

	CATT
	PHICH can be transmitted on the cell carrying the UL grant, which follows the same design as in Rel-10 carrier aggregation.

	ZTE
	Yes. If a problem of lack of non-zero PHICH subframe on the cell carrying the UL grant arises, it can be handled by implementation, i.e. use dynamic UL grant to trigger PUSCH retransmission instead of PHICH triggered retransmission.

	Pantech
	same design principle for PHICH as Rel-10 CA can be acceptable in Rel-11. 

	Ericsson, ST-Ericsson
	PHICH should be carried on the cell that transmitted the PDSCH grant to simplify core specification.

	ALU/ASB
	Yes.

	NSN/Nokia
	Yes.

	Panasonic
	We propose to keep the same HARQ timing rules and the same scheduling timing as in Rel-10, therefore we don’t see any significant issues on it. It is FFS on the handling of the new DL-UL combination cases.

	HW
	Yes. No motivation is identified to make it different from Rel-10

	Intel
	Yes, we prefer to transmit PHICH on the cell carrying the UL grant since we have not seen the motivation to decouple the transmission cell of PHICH and UL-grant in Rel-11.

	Potevio
	PHICH is still transmitted on the cell carrying the UL grant

	NewPostcom
	Yes

	Samsung
	Yes. If the cells carrying the UL grant and the PHICH are different, UE has to try to receive UL grant and PHICH separately from cells on different bands which is not aligned with the Rel-10 design principle. Such operation does not provide any clear benefits but instead it rather increases complexity compared to the Rel-10 design. Thus, it is preferred that PHICH is transmitted on the cell carrying the UL grant.

	LG
	Yes. PHICH is transmitted on the cell carrying the UL grant.

	RIM
	Yes, should be on the cell with UL grant.

	Sharp
	Yes, this is a natural extension of Rel-10.

	Qualcomm
	PHICH is transmitted on the same CC as the corresponding PDCCH.

	Renesas Mobile
	Aligned with the Rel-10 principle, the PHICH should always be transmitted on the cell carrying the UL grant, X.

	Texas Instruments
	Yes.


Responses were received from 18 companies. The answer to the question from most companies is YES. Therefore, unless there is any significant issue, it is proposed
Proposal 6: PHICH is transmitted on the cell carrying the UL grant.
3 High-level requirement

3.1 simultaneous Tx/Rx
For UE supporting inter-band CA for different TDD UL-DL configuration, companies are encouraged to consider whether UE simultaneous Tx/Rx is supported from RAN1 perspective. Note LS reply on UE simultaneous Tx/Rx from R4-115437 should be taken into account.
Discussion/Company comments:

	Company
	Comments

	CATT
	Given the RAN4 response, and in order to reap the benefits of carrier aggregation at least in the subframes where the transmission direction is the same on all aggregated serving cells, it is preferable that for TDD UEs not capable of simultaneous transmission and reception, RAN1 design shall support carrier aggregation for these UEs at least in the subframes with the same transmission direction on all aggregated serving cells. 

In addition, it is expected that initially more UEs would only support inter-band carrier aggregation in DL rather than UL, since supporting inter-band carrier aggregation in uplink almost certainly requires multiple transmit RF chains at the UE side. Even for UEs capable of inter-band carrier aggregation both in the downlink and in the uplink, it is beneficial to allow separate configuration of carrier aggregation in the downlink and uplink, since the traffic or data rate demands on the downlink and uplink can be different. Hence, it is desirable that for TDD UEs with inter-band carrier aggregation, RAN1 design shall at least support carrier aggregation in the downlink and non-carrier aggregation in the uplink.

	ZTE
	Currently, we do not have strong view on whether UE to support simultaneous Tx and Rx on different bands in Rel-11. From RAN1 point of view, we do not see any big technical problem to support that. However, due to limited standardization time in Rel-11, we are leaning to make aggregation of cells with different UL-DL configurations workable in the first instance, and then try to work out issues specific to optimization for full duplex UE in Rel-11 time frame. 

	Pantech
	When we consider motivation of carrier aggregation to achieve high data rate, simultaneous Tx and Rx on different bands should be considered in Rel-11. 

	Ericsson, ST-Ericsson
	Support and strive a common solution for UEs with full- or half-duplex RF capabilities. Provide peak rate enhancement benefits to both full- and half-duplex UEs. Support dynamic UL-DL traffic adaptation for full- and half-duplex UEs. Support and strive a common solution for UEs with or without UL-CA capability.
Since band combinations are yet to be specified, precluding support of half-duplex UEs may limit the feasibility of certain operator scenarios due to “additional complexity and cost or degraded RF performance (sensitivity, output power)” for “TDD UEs supporting simultaneous transmission/reception on different bands.” From core specification perspective, both full- and half-duplex UEs should be supported.

	NSN/Nokia
	We understand the question as whether to have RAN1 specification support for half and full duplex UE. Given the RAN4 LS reply, we think half duplex UE can be supported for inter-band CA with different TDD configurations, if seen as necessary (e.g., requested by the operator). Common solution of the timing issues for both half and full duplex UE is much desirable without significant specification efforts.

	Panasonic
	We see half duplex approach is necessary according to R4-115437. We also see full duplex approach is necessary to enjoy higher peak rate for inter-band carrier aggregation.

In addition, UL CA capability which is independently configured from DL in Rel-10 should be taken into account.

Considering above, we identify four types of UE capabilities listed below.

- half duplex, PCell only UL
- half duplex, both PCell and SCell UL
- full duplex, PCell only UL
- full duplex, both PCell and SCell UL
“Half duplex, PCell only UL” UE capability is for the lowest-end/lowest-cost UEs. “Full duplex, both UL” UE capability is for the highest-end/highest-cost UEs. Between these UE capabilities, “half duplex, both UL” and “full duplex, PCell only UL” UE capabilities would be for middle-end/middle-cost UEs. Which types of UE capabilities are supported should be further discussed. Our proposal is which types of UE capabilities are supported should be further discussed.



	HW
	The simultaneous Tx/Rx should be supported for inter-band TDD CA with different UL-DL configurations, so as to full utilize the resource and to enhance the peak date rate. In the other hand, from RAN1 perspective of view, we cannot see any promising benefit to adopt non-simultaneous Tx/Rx with different UL-DL configurations, considering the peak data rate is penalized while achieving higher peak data rate is one of the most important motivations for CA. Without the enough benefit of peak data rate, such UEs can just be configured with single carrier or multiple carriers with the same UL-DL configurations, which does not have any standard impact.

In the scenarios that we can foresee to apply inter-band TDD so far, e.g., band 38 and band 40, the distance of the two bands is at least comparable to the duplex distance of FDD and thus the filtering performance is similar as for the FDD system, according to RAN4’s LS. 

Therefore, we propose to design the system aimed to the UEs supporting simultaneous Tx/Rx to fully exploit the benefit of this feature.



	Intel
	Based on the conclusions from RAN4, it is clear that the feasibility of TDD UE supporting simultaneous transmission/reception cannot be guaranteed for all bands. Since the RAN1/RAN2 specifications design should be independent of selected band combinations, Rel-11 TDD inter-band CA design should support the UEs not capable of simultaneous transmission and reception on different bands in the same subframe. We proposed that Rel-11 TDD inter-band CA design should support the UEs, which are not capable of simultaneous transmission and reception on different bands in the same subframe.

	Potevio
	 For inter-band CA of TDD CCs with different configurations, full duplex mode should be supported for achieving high data rate. The unified solutions should be designed for full or half duplex mode. 

	NewPostcom
	From the LS reply from RAN4, it shows that whether the UE supports simultaneous transmission/reception on the different bands or not depends on the specific circumstance, which means both of them could have the opptunity to occur. Therefore, both full-duplex and half-duplex UE cases need to be considered without exclusion. 

	Samsung
	 UE simultaneous Tx/Rx should be supported from RAN1 perspective and no serious problem for the support is foreseen from both specification and implementation perspective. Also, many UEs are expected to support both FDD and TDD and thus can support simultaneous Tx/Rx. It is also noted that half duplex TDD UE, if its capability is defined, can be supported by the eNB scheduler, as concluded for legacy UEs in a past RAN1 meeting.

	LG
	To maximize the benefits of carrier aggregation (e.g., higher peak rate, flexible configuration, etc), the simultaneous Tx/Rx should be supported for inter-band TDD with different UL/DL configurations. However, although the benefits of carrier aggregation can be maximized with the UE having simultaneous Tx/Rx capability, it is not easy to assume all UEs has the capability of full duplex for inter-band CA from the RAN4 response and it may be not applicable for some scenarios like UL non-CA. Moreover, even if there is UE without simultaneous Tx/Rx capability, it is also beneficial with different TDD UL/DL configuration among inter-band CA since it can still enjoy carrier aggregation for additional throughput. Therefore, to optimize system throughput for high-end UE and to support various scenarios for low-end UE, two methods for various scenarios should be considered on different UL/DL configurations for inter-band CA. Method 1 is for UE with simultaneous Tx/Rx and with configured UL CA, and Method 2 is for UE with no simultaneous Tx/Rx or with UL non-CA. With two methods, all possible scenarios related to the UE capability and CA configuration can be efficiently supported for inter-band CA with different TDD UL/DL configurations.

	RIM
	Simultaneous Tx/Rx enables higher efficiency and flexibility. However, the half duplex has the cost advantage. We support both full duplex and half duplex.

	Sharp
	Full-duplex should be supported for inter-band CA of TDD with different configurations. Half-duplex may also be supported as complementary for UEs with reduced functions, but at the cost of higher specification effort.

For inter-band CA, each band may have its own power amplifier and filter. Full-duplex may be supported for simultaneous transmission on a cell in one band and reception on another cell in a different band. Thus, full-duplex achieves better channel usage, and provides maximum benefit for inter-band CA. Furthermore, full-duplex may have less specification impact since most scheduling and HARQ timing of Rel-10 can be reused.

With half-duplex, in a subframe with different uplink and downlink allocations in different bands, a UE can perform either uplink transmission(s) in cell(s) with uplink allocations or downlink receptions in cell(s) with downlink allocation(s), but not both. The cells with a different allocation cannot be used with half-duplex, which causes loss of UE capacity. Half-duplex may be necessary for reduced implementation cost and/or limitations on UE capability. However, half-duplex may require more efforts on the specifications on cross carrier scheduling and HARQ timing. 



	Qualcomm
	From RAN4 reply LS, it is clear that there is no architectural limitation of supporting full duplex operations. RAN1 design should focus on the full-duplex operation in order to fully exploit the benefits offered by TDD CA of different downlink/uplink configurations. Design centered around half-duplex UEs would significantly defeat the purpose of CA in this case. If a UE can not perform full-duplex operation, the eNB can still adopt necessary scheduling restrictions to serve the UE in the half-duplex manner.

	Renesas Mobile
	Not supporting UE simultaneous Tx/Rx will lead to several HARQ issues, Our suggestion is that RAN1 should fully understand these half duplex specific HARQ issues before making a decision. UE simultaneous Tx/Rx should be supported to fully achieve the identified benefits with CC-specific TDD configurations.

	Texas Instruments
	Based on the RAN4 LS there is no limitation to supporting full duplex UEs (simultaneous Tx/Rx). Then RAN1 solutions shall support both full- and half-duplex but it is desirable to have a common solution.


Responses were received from 17 companies. It seems in most cases, companies are considering RAN1 solutions should consider full-duplex and half-duplex. At the same time, many companies expressed a need for a common solution with focus on full-duplex operation in order to achieve the identified benefits. In addition, UL CA capability which is independently configured from DL in Rel-10 should be taken into account stated by Toru of Panasonic.
Considering above, there are four possible types of UE listed below.

- half duplex, PCell only UL
- half duplex, both PCell and SCell UL
- full duplex, PCell only UL
- full duplex, both PCell and SCell UL
Proposal 7: 

· RAN1 solution should support both full-duplex and half-duplex.

Open Issue 8:

· Continue discussion on the solutions for different type of UE,

· half duplex, PCell only UL
· half duplex, both PCell and SCell UL
· full duplex, PCell only UL
· full duplex, both PCell and SCell UL
3.2 Benefits for different types of UE
Note that Observed benefits of supporting inter-band CA of TDD CCs with different configurations from RAN1#66is as follows
· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

For UE supporting inter-band CA for different TDD UL-DL configuration, companies are encouraged to consider the scenarios/UE capabilities each benefits corresponds to.

Discussion/Company comments:

	Company
	Comments

	CATT
	It would be preferable to achieve the above benefits in the respective scenarios by a unified RAN1 design for TDD inter-band carrier aggregation with different UL-DL configurations on different bands.

	ZTE
	In our view, the support of aggregation of cells with different UL-DL configurations is mainly motivated by the fact that operators can employ different UL-DL configuration on different bands in some scenarios, e.g. co-existence and hetnet, which may be irrelevant to CA. In those scenarios, UEs with capability of aggregating cells with different UL-DL configuration not only have more opportunities to experience high data rate, but also are beneficial to load distribution between cells, irrespective of with/without half-duplex constraint. Of course, UE supporting simultaneous Tx and Rx can achieve higher peak rate in those scenarios.

	Pantech
	We think main motivation among above scenarios is to allow the flexibility of TDD configuration on each band to operators. Of course, other scenarios are also good consideration points to introduce inter-band CA of TDD CCs with different configuration. So, all the issues caused by introducing the inter-band CA with different UL-DL configuration should be designed with consideration of above points concluded in RAN1#66bis.

	Ericsson, ST-Ericsson
	We believe all four observed benefits are useful for different deployment and application scenarios. Unified solutions support all use cases are preferred.

	ALU/ASB
	Without simultaneous Tx/Rx at the UE side, the benefit of “CA with different TDD UL/DL configurations” is limited, as discussed in R1-113312. Therefore, we think the UE simultaneous Tx/Rx should be mandatory for UEs which support CA with different TDD UL/DL configurations.

	NSN/Nokia
	Full duplex can enjoy all the identified benefits. For half duplex UE, depending on the RAN1 specification support, it should be able to enjoy some of the identified benefits. We do not think RAN1 should spend large standard efforts to optimize for half duplex UE; in our view half duplex UE should be able to get higher peak data rate by aggregating carriers with different TDD configurations in subframes with the same transmission direction across all carriers.

	Panasonic
	 - Legacy system co-existence
If the restriction to combinations of UL-DL configurations is adopted to avoid the case of DL subframe on PCell and UL subframe on SCell, it could incur the benefit due to the restriction. Then “PCell only UL” UEs could have less benefit.
- Hetnet support, aggregation of traffic-dependent carriers

In hetnet, we think in general macro cell is used as PCell and pico cell as SCell. And UL-DL configuration on pico cell has more configured DL subframes than that on macro cell. This means the HARQ-ACK transmission issue in the case of DL subframe on PCell and UL subframe on SCell does not occur, then “PCell only UL” UEs can enjoy the benefit as well as “both UL” UEs.
- Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

This means in general lower band is used as PCell and higher band is used as SCell. Then the HARQ-ACK transmission issue in the case of DL subframe on PCell and UL subframe on SCell does not occur. Then “PCell only UL” UEs can enjoy the benefit as well as “both UL” UEs.
- Higher peak rate

“Full duplex” UEs can enjoy the benefit of higher peak rates both on DL and UL than “Half duplex” UEs. “Half duplex, both UL” UEs can enjoy the benefit of higher UL peak rate than “Half duplex, PCell only UL” UEs, but their benefit would be small.



	HW
	For the first three scenarios, it is beneficial for operator to set a certain UL-DL configuration for some band with the specified requirement of network deployment or traffic characteristics.

	Intel
	We agree that unified solutions to support most/all possible use cases are preferred.

	Potevio
	The above benefits can be achieved for simultaneous Tx/Rx UE. For half-duplex UE, significant resources are restricted and more specification impacts are needed in some condition.

	NewPostcom
	It is desirable to achieve all the benefits with a unified design for TDD inter-band carrier aggregation with different UL-DL configurations on different bands. But to be realistic, we think it depends on UE duplex type and the respective deployment scenarios to achieve some of them. 

	Samsung
	It is preferable to achieve the above benefits by RAN1 solutions for the inter-band CA for different TDD UL-DL configuration. Additional UE capabilities can be considered if needed.

	LG
	From upper our comments, two methods for UL CA with simultaneous Tx/Rx capability (method 1) or other cases (method 2) should be considered in Rel-11 to support various combination of UE capability and CA configuration including those scenarios.

	RIM
	We generally agree on the above listed benefits. Prefer unified solution should be considered.

	Sharp
	For inter-band CA for different TDD UL-DL configurations, we think all benefits are achievable with simultaneous Tx/Rx, i.e. full-duplex operation. For half-duplex, the higher peak rate cannot be achieved, even compared with CA with the same TDD UL-DL configuration. 

	Qualcomm
	To full enjoy the identified benefits, RAN1 design should focus on full duplex UEs. UEs not performing full-duplex operation can still enjoy part of the benefits by eNB scheduling implementation.

	Renesas Mobile
	Both full duplex and half duplex can achieve the identified benefits to some degree. But full duplex mode can utilize more resources for UEs supporting inter-band CA with different TDD UL-DL configuration, and thus fully achieve the listed benefits.

	Texas Instruments
	All four benefits are useful and can be achieved by full duplex UE. If RAN1 has to decide what to optimize for, then we should optimize solutions for full duplex UEs.


Responses were received from 17 companies. Follow up the discussion, I would like list 2 corresponding options with regard to the four benefit,
Open Issue 9:
Option 1: benefits can be achieved for both full duplex and half duplex UE. 
Option 2: full duplex UEs can enjoy more benefits than half-duplex UE.
4 Conclusion
The following proposals are identified in the email discussion in Table A-1. Furthermore, we propose to continue discuss following open issues in the upcoming meeting in Table A-2.
Annex: A list of proposals and open issues

Table A-1: Proposals for inter-band CA for different TDD UL-DL configuration

	
	Proposals

	1
	At least the following cross-carrier scheduling is supported for UE with different UL-DL configurations between aggregated TDD cells.

· PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n

	2
	· The number of supported bands
· keep the number of supported bands agnostic to RAN1 

· The maximum number of different TDD UL-DL configurations among the cells aggregated by the UE 

· Option 1: 

· No limitation, i.e. the detailed design is not dependent on the maximum number of different TDD UL-DL configurations 

· Option 2: 

· At most 2 TDD UL-DL configurations are supported


	3
	The HARQ timing rules is as follows,

· Option 1: Additional UL HARQ-ACK transmission timing out of existing HARQ timing in Rel-8/9/10.

· Option 2: No new HARQ timing. Here “no new HARQ timing” means

· No new HARQ timing table beyond those already defined in Rel-8/9/10. 

· The UE reference H-ARQ timeline of the TDD UL-DL configuration for a CC of one TDD UL-DL configuration is FFS.

	4
	The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.

· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· FFS

	5
	PUCCH is transmitted on at least PCell.

· FFS on whether PUCCH is needed to be transmitted on SCell when UL subframe is available on PCell or not available on PCell.

	6
	PHICH is transmitted on the cell carrying the UL grant.

	7
	RAN1 solution should support both full-duplex and half-duplex.


Table A-2: Open Issues for inter-band CA for different TDD UL-DL configuration

	
	Open Issue

	1
	Continue discussion the following aspects whether to be supported or not.

· multi-TTI/subframe scheduling

· scheduling restriction

· etc.

	2
	Continue discussion whether peak data rate from UE perspective should be supported when cross-carrier scheduling is configured,

· for all scenarios

· only for UE supporting simultaneous Tx/Rx

· for all TDD combinations

· only for restricted combination of different UL-DL configurations


	3
	Continue discussion the maximum number of different TDD UL-DL configurations among the cells aggregated by the UE 

· Option 1: 

· No limitation, i.e. the detailed design is not dependent on the maximum number of different TDD UL-DL configurations 

· Option 2: 
· At most 2 TDD UL-DL configurations are supported


	4
	Continue discussion whether limitation of combinations of TDD UL-DL configurations are needed.

	5
	HARQ timing rules for UE supporting inter-band CA with different TDD configuration is downselect as follows,
Option 1: Additional UL HARQ-ACK transmission timing out of existing HARQ timing in Rel-8/9/10.

Option 2: No new HARQ timing. Here “no new HARQ timing” means

· No new HARQ timing table beyond those already defined in Rel-8/9/10. 

· The reference H-ARQ timeline of the TDD UL-DL configuration for a CC of one TDD UL-DL configuration is FFS.



	6
	Continue discussion on the scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration for cross-carrier scheduling,

· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· Multi-TTI/subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· FFS



	7
	Continue discussion whether PUCCH is needed to be transmitted on SCell when UL subframe is available on PCell or not available on PCell.

	8
	Continue discussion on the solutions for different type of UE,

· half duplex, PCell only UL
· half duplex, both PCell and SCell UL
· full duplex, PCell only UL
· full duplex, both PCell and SCell UL


	9
	Continue discussion on 2 corresponding options with regard to the four benefit as observed

· Option 1: benefits can be achieved for both full duplex and half duplex UE. 

· Option 2: full duplex UEs can enjoy more benefits than half-duplex UE.


