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1. Introduction
This document summarizes the email discussion [80-03] on observations for CA enhancements based on the aspects of [1] that were not covered during RAN1#80. The discussions in RAN1#80 focused on slide 3, based on which several observations were agreed and captured into the meeting minutes:
Observations:
1. For possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH,
1. At least the following enhancements to PUCCH and PUSCH feedback formats could be considered in order to support the increase in UL control information based for the 36.300 CA deployment scenarios:
1. The studies should take the effect on DL throughput and UL operation points into account
1. One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead
1. Details FFS including but not limited to
0. Supported payload size(s)
0. Channel coding
0. Detailed structure of the new format
1. PUCCH format selection including fallback operation
1. Enhancements on UCI transmission on PUSCH      
0. Details FFS including but not limited to       
0. Supported payload size[s]
0. Channel coding and resource element mapping
1. Extension of the PUCCH-on-SCell mechanisms for Rel. 12 CA configurations to Rel.13 CA configurations for UL CA capable UEs.
1. Enhancements to PUCCH resource allocation/selection

Due to lack of time, further observations on slides 4, 5, and 6 of [1] were not discussed in RAN1#80. This document captures companies’ views on these aspects. Altogether 16 replies were received by the extended deadline on April 7th, 2015. 
2. HARQ-ACK feedback for CA enhancement beyond 5 carriers 
The observations in [1], slide 4, are as follows:
· At least the following enhancements to UL HARQ-ACK feedback signaling need to be considered/specified in order to support the increase in UL control information:
· Restricting increase of HARQ-ACK payload. Details FFS including
· HARQ-ACK bundling in spatial, time, and/or frequency domain
· Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes.
The companies are invited to provide their views regarding the following points:
1. Q2-1: Are the observations agreeable?
1. Q2-2: Any additional views?

	Company
	Comments

	Huawei, HiSilicon
	Q2-1: The observations are agreeable in principle. However, it is not certain that HARQ-ACK bundling is needed for all CA configurations as it depends on the (yet to be determined) maximum payload of the new PUCCH format..
Q2-2:  “Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes” is important since it could be expected that a UE will typically be configured with a large set of DL serving cells, e.g., larger than what is needed for the actual current traffic load. Therefore, the UE may often only be scheduled on a subset of the serving cells/subframes and the overhead problem will become an issue in Rel-13 for UEs capable of aggregating more than 5 serving cells. 

	Nokia Networks, Nokia Corporation
	Q2-1: The observations are agreeable. However, we agree with Huawei that bundling may not be necessary in all configurations and there should be sufficient means to enable/disable it depending on the target scenario. 

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Q2-1: We kind of disagree with restricting the increase of HARQ-ACK payload.  This will impact the performance of DL PDSCH. A/N bundling is the last resort we would consider to support  large number of A/N bits.   In addition, this will also increase the complexity of UE and eNB
Q2-2:  In order to support peak data rate with large number of carrier aggregations, UL control channel needs to be enhanced to support large number of A/N feedbacks.   
.   

	CATT
	Q2-1: HARQ-ACK bundling is in general believed to be necessary, but the decision shall be made later, especially considering the detailed proposals on the UCI design (including the new PUCCH format), UL SINR evaluation etc. 
The necessity and benefits/drawbacks of reducing the number of HARQ-ACK bits associated with non-scheduled serving cell/subframe shall be further evaluated, together with its detailed design. It is too early to decide that this must be supported.
Q2-2: No additional views.

	Samsung
	Q2-1: Our evaluations show that full HARQ-ACK feedback (with spatial domain bundling) can be supported even at SINRs well below the 5% point of the geometry CDF (for any scenario). The need for time-domain or cell-domain bundling is FFS – in case additional bundling is proved to be necessary, time-domain bundling is preferred as the channel correlation is typically higher in the time-domain than in the cell-domain.
It is desirable to not feedback HARQ-ACK for non-scheduled cells.
Q2-2: No additional views

	ZTE
	Q2-1: We agree the observation. And we understanding the observations are not only considering ‘bundling’.  We can also reduce the bits by feeding back ACKs for those scheduled cells.
Q2-2: We already decide to introduce one new format. And the Bit Restricting scheme can be used on top of the new format. This depends on the Payload of new format. But is highly likely that only spatial bundling can be used on new format at least for FDD, as it can be easy to support more than 32 bits. So, we can finish new format first. However, the Bit Restricting can be further used in existing formats if performance impact is acceptable based on later evaluation.


	Intel
	Q2-1: As in previous releases, HARQ-ACK bundling is an effective way to compress HARQ-ACK payload size. It should be studied further whether to be introduced or not on several aspects including capability of new PUCCH format and tradeoff between additional UE complexity and DL performance gain.
We think reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cell/subframes is an important feature for CA up to 32 CCs to extend the CA coverage. However, a careful trade-off analysis is necessary for each candidate solution.

	Qualcomm
	Q1: on a high level, the observation that “Restricting increase of HARQ-ACK payload’ is agreeable. It is important to possibly to indicate to the UE a suitable ACK/NAK payload size, striking for a good tradeoff between the DL overhead (to indicate the ACK/NAK payload size) and the corresponding UL overhead/performance. As to ACK/NAK bundling, it is unclear at this point whether such operation is necessary, and if so, under which conditions. Further study is necessary.
Q2: It is important to ensure that full feedback of ACK/NAK for up to 32 CCs, with no or limited bundling (e.g., only spatial bundling), is also supported in order to support efficient DL transmissions.

	Fujitsu
	Q2-1: Better wording would be “Support for restricting increase of HARQ-ACK payload”. The appropriate overhead from HARQ-ACK payload is a trade-off vs PDSCH performance. There may be cases where it is not necessary or desirable to have a strict limit on the payload in the UL (e.g. highly asymmetric traffic), as noted by Qualcomm for Q2 above, and others.

	LG
	Q2-1: It seems be agreeable.
Q2-2: For reasonable HARQ-ACK payload reduction without DL scheduling restriction or throughput loss, it is to be applied by dynamic manner. In addition, considering UL resource utilization efficiency, HARQ-ACK payload reduction combined with PUCCH format/resource selection should be considered.

	Ericsson
	Q2-1: HARQ-ACK bundling could be beneficial and mandatory in some conditions to maintain good UL coverage. The study should be connected with UL SINR evaluation. The necessity of reducing the number of HARQ-ACK bits associated with non-scheduled serving cells/subframes needs to be further studied. It should be considered together with the new PUCCH format design. Basically, it is a tradeoff between robustness and capacity. The pros and cons should be carefully studied.
Q2-2: No additional views. 

	Sharp
	Q2-1: The observations are agreeable in principle. We have the similar view to Huawei and Nokia. We should first discuss the maximum number of transport blocks (and SPS release) of which HARQ-ACKs are carried in a single PUCCH resource with the new format before investigating the restriction.
Q2-2: No additional views

	InterDigital
	Q2-1: Yes. We anticipate that restricting the amount of HARQ-ACK feedback could be required for some configurations to maintain UL coverage. Bundling and other techniques resulting in fewer A/N bits than the number of received transport blocks should be investigated. Reporting of A/N corresponding to non-scheduled cells may also have to be reduced. 
Q2-2: No additional views

	Panasonic
	Q2-1: A/N bundling could be necessary for some condition especially TDD. However, it is unclear how much/often A/N bundling is required/utilized. It depends on the maximum number of configured cells supported, TDD configurations and the payload of the new PUCCH format. Therefore we prefer to keep the issue open for the time being and come back to it after other details of CA are fixed.
Q2-2: No additional views

	CMCC
	Q2-1: We agree that the HARQ-ACK payload cannot be increased without restriction. Nonetheless, it is too early to make a decision on whether HARQ-ACK bundling is required and which bundling method(s) is/are necessary. It is suggested to discuss this issue together with the design of new PUCCH format.
The pros and cons of reducing the HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes need to be well studied before concluding whether to support such enhancement or not. 

	Motorola Mobility
	Q2-1: The observations are agreeable.



3. CSI reporting for CA enhancement beyond 5 carriers
The observations in [1], slide 5, are as follows:
· At least the following enhancements to CSI reporting need to be considered/specified in order to reduce periodic CSI report dropping probability
· Multiplexing of periodic CSI reports for multiple serving cells
· Multiplexing of periodic CSI reports for multiple serving cells with ACK/NACK feedback
· At least the following enhancements to CSI reporting need to be considered/specified in order to improve the flexibility of aperiodic CSI reporting
· Enhancements to aperiodic CSI triggering and reporting to support up to 32 carriers including more flexible indication of the reported carriers
The companies are invited to provide their views regarding the following points:
1. Q3-1: Are the observations related to periodic CSI reporting agreeable (first main bullet and its sub-bullets)?
1. Q3-2: Any additional views related to periodic CSI reporting?
1. Q3-3: Are the observations related to Aperiodic CSI reporting agreeable (second main bullet and its sub-bullets)?
1. Q3-4: Any additional views related to Aperiodic CSI reporting?

	Company
	Comments

	Huawei, HiSilicon
	Q3-1:Yes.
Q3-2: At least the PUCCH format(s) will be used for accommodating HARQ-ACK for up to 32 serving cells could be reused for periodic CSI reporting .
Q3-3: No. We believe the existing indication of reported carriers (using 2 bits in the UL grant associated with RRC configured bitmaps) is flexible enough to support up to 32 carriers and we do not think any enhancement to aperiodic CSI triggering is strictly needed.
Q3-4: We think that no enhancement for aperiodic CSI transmission is needed in Rel-13 CA except for extending the length of the RRC configured bitmaps (RAN2 issue) and the limitation of 20 PRBs for aperiodic CSI on PUSCH without UL TB. It may also be discussed how many aperiodic CSI reports that a UE should be capable of transmitting in a subframe.

	Nokia Networks, Nokia Corporation
	Q3-1: Yes
Q3-2: The multiplexing of periodic CSIs should be supported with both PUCCH format 3 as well as with the new, larger PUCCH format  
Q3-3: Yes, the proposals are agreeable. Current A-CSI triggering mechanisms are not flexible enough when the number of carriers is increased beyond 5. Currently A-CSI can be requested for only two RRC configured sets of carriers, which in the case of up to 32 CCs leads into a situation where A-CSI needs to be triggered for a very large number of carriers at a time, resulting in large signaling overhead. Since CA does not improve UL coverage at least significantly, there is a need to reduce the payload of Aperiodic C SI reports (e.g. by allowing for triggering of wideband-only reports) and/or specify more flexible ways to indicate the set of reported carriers.      

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Q3-1: No.  It is not desired to have periodic CSI feedback on multiple serving cells or multiplexed with A/N.  Additional mechanism should be considered for increasing PUCCH capacity for periodic CSI feedback.  
Q3-2: Radio resource for periodic CSI report could be dynamically allocated based on activated carriers.    
Q3-3: No.  Current A-CSI trigger is sufficient for large number of carriers dynamically.  The A-CSI reports from different carrier combination could be semi-statically reconfigured through RRC.  

	CATT
	Q3-1: Yes
Q3-2: No additional views
Q3-3: It is unclear at this moment on the benefits of more flexible aperiodic CSI reporting.
Q3-4: No additional views

	Samsung
	Q3-1: Yes
Q3-2: Multiplexing of HARQ-ACK and P-CSIs should be supported in the same PUCCH format. This is necessary at least for TDD operation.
Q3-3: FFS. Yes, if A-CSI can be triggered for arbitrary cells/processes – No, if A-CSI can be triggered only for a group of cells/processes.
Q3-4: Turbo coding should be used for A-CSI payloads above ~150 bits, QAM16 should be supported for PUSCH with A-CSI and no data.

	ZTE
	Q3-1: Yes, We should fully use the capacity of new format and reduce the CSI dropping.
Q3-2: Multiplexing of P-CSIs or Multiplexing of HARQ-ACKs and P-CSIs should be supported in the new PUCCH format related the above questions. No dedicated format is defined.
Q3-3: Should we justify if the current 2-bit triggering scheme isn’t sufficient?
Q3-4: FFS

	Intel 
	Q3-1: Yes. 
Q3-2: At least the larger PUCCH format newly introduced for Rel-13 CA should target for this function. 
Q3-3: Yes, this proposal is generally supportive for us. 
Q3-4: We think A-CSI reporting should be enhanced for Rel-13 CA by limiting the number of CSI request values and the maximum number of CCs that can be configured for each CSI request value in order to achieve the best tradeoff between aperiodic CSI triggering flexibility, PUSCH coverage and UE complexity due to following reasons. In Rel-12 CA the A-CSI report may be requested by the serving cell using a DCI or RAR grant with CSI request fields ‘01’, ‘10’ and ‘11’. CSI request fields ‘10’ and ‘11’ can request CSI reporting for the maximum number of CCs (i.e., 5) which can be supported up to Rel-12. In principle, the existing approach for A-CSI triggering for all CCs can be maintained for Rel-13 CA deployment scenarios with 32 CCs by keeping the DCI and RAR grant sizes the same as in Rel-12. For example, CSI request fields ‘10’ and ‘11’ may be used to request aperiodic CSI report for all 32 CCs. However, it should be noted the CSI calculation complexity and potential impact on the coverage of PUSCH may be an issue.

	Qualcomm
	Q3-1: Yes
Q3-2: If multi-CC periodic CSI is supported, it is also important to discuss how to define the prioritization rules for the multi-CC periodic CSI reporting. In addition, it is important to study further the performance of CSI and ACK/NAK multiplexed in the same PUCCH.
Q3-3: Yes
Q3-4: While it is necessary to support more flexible A-CSI triggering, it is also necessary to discuss how to reduce UE complexity in handling A-CSI processing for a large number of CCs, similar to CoMP related discussion. It is very challenging, if not impossible, to handle full and fresh A-CSI reporting for up to 32 CCs.

	Fujitsu
	Q3-1: Yes
Q3-2: Since significantly more UCI (both CSI and ACK/NACK) will be required for 32 CCs, both the performance of PUCCH transmission itself and impact of any PUCCH limitations on PDSCH performance should be considered.   
Q3-3: Yes
Q3-4: UE Complexity is likely to be an issue for aperiodic CSI reporting of 32 CCs

	LG
	Q3-1: Yes
Q3-2: To reduce dropping of useful periodic CSI reports in massive DL CA situation, simultaneous transmission of periodic CSI and aperiodic CSI reports is to be considered.
Q3-3: Yes
Q3-4: Considering UL PUSCH coverage and resource allocation burden for large number of CSI reports, simultaneous multiple aperiodic CSI requests is to be considered.

	Ericsson
	Q3-1: No. It is not clear that any enhancement on periodic CSI feedback is needed.
Q3-2: No additional views.   
Q3-3: No. The need for flexible A-CSI triggering needs to be further studied.
Q3-4: A lightweight aperiodic CSI report should be supported, e.g. using wideband-only aperiodic CSI report. In addition, it is desirable to support Turbo code for aperiodic CSI of large payload.   

	Sharp
	Q3-1: Yes
Q3-2: Multiplexing of periodic CSIs should be supported for at least new PUCCH format of which the payload size is larger
Q3-3: Yes. 
Q3-4: We think enhancements of only UCI transmission on PUSCH may be needed as Huawei and Samsung proposed.

	InterDigital
	Q3-1: Yes, it should be studied
Q3-2: No additional views
Q3-3: Yes, we think that more flexibility for A-CSI triggering may be required.
Q3-4: No additional views

	Panasonic
	Q3-1: We agree that multiplexing of periodic CSI report can be helpful for reducing the dropping probability. But we also see that it also depends on whether wideband-only aperiodic CSI reports are supported or not. If they are supported, we see less need to support multiplexing of periodic CSI reports.
Q3-2: It is unclear whether a new PUCCH format just for multiplexing of CSI report is necessary. It should be supported to multiplex HARQ-ACK and periodic CSI in the new PUCCH format for HARQ-ACK.
Q3-3: We think that in order to keep 3 bits CFI in DCI format, configured carriers can be divided into different CA groups by higher layer signaling. Each configured carrier belongs to one CA group and cross carrier scheduling is done only with one CA group. We can extend the concept to aperiodic CSI triggering, i.e. aperiodic CSI report can only be triggered within one CA group. In this case, no extension is necessary.
Q3-4: Supporting wideband-only aperiodic CSI should be considered 

	Motorola Mobility
	Q3-1: The observations are agreeable.
Q3-3: The observations are agreeable. 
Q3-4: Supporting compact aperiodic CSI feedback should be considered.



4. Other observations
The observations in [1], slide 6, are as follows:
· The following potential issues applicable to UL control have been mentioned in company contributions and can be further considered:
· Support for up to 5 CCs with TDD UL-DL configuration 5
· Use of 16-QAM for UCI
· Handling of multiple SRS transmissions
· …
The companies are invited to provide their views regarding these points as well as other possible related aspects. Specifically, it would be good to understand what is the view on the number of supported CCs (and HARQ-ACK bits) when DL reference configuration is UL-DL configuration #5.

	Company
	Comments

	Huawei, HiSilicon
	It should be possible to support up to 5 CCs with TDD UL-DL configuration 5 with the new PUCCH format (i.e., 9*5=45 bits). Whether more than 5 CCs could be supported will depend on what maximum PUCCH payload is agreed.
Further study would be needed whether 16-QAM can bring any gains, at least in terms of reducing the UL overhead while maintaining acceptable performance.  
Multiple SRS transmission could be handled as in Rel-12 and we are not quite sure what new aspects of multiple SRS transmission we need to consider for Rel-13.

	Nokia Networks, Nokia Corporation
	We see that the number of carriers supported with TDD UL-DL configuration 5 needs to be decided taking into account the UL SINR distribution, aiming at applicability in reasonably wide range of scenarios. 
Regarding 16-QAM we see that further studies are needed to understand how frequently 16-QAM could be applied and what the benefits in terms of overhead savings are.
As for multi-SRS transmission we see the Rel-12 solutions are a good baseline and need for further enhancements is unclear. 

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Our view of the objective of UL control and sounding channels enhancements
(1) Enhance UL control channel capacity to enable DL peak data rate with large number of carrier aggregation
(2) Improve the UL resourece utilization for UL control and sounding channel.

	CATT
	It is important to allow aggregating more serving cells of TDD configuration 5. The number of aggregated serving cells with TDD configuration 5 shall be determined based on the payload of the new PUCCH format. It is desirable to support aggregating as many serving cells of TDD configuration 5 as possible.
Use of 16QAM for UCI needs further study.
Whether new handling of SRS transmission is needed also requires further study.

	Samsung
	OK with supporting aggregation of more serving cells for UL/DL configuration 5
The geometries a majority of UEs can experience allow use of QAM16 for UCI transmission.
HARQ-ACK multiplexing on PUSCH should be carefully considered as the link budget is ~4 dB worse than in the PUCCH and available resources for HARQ-ACK multiplexing can be insufficient even for some Rel-10 scenarios.
SRS enhancements are FFS.  

	ZTE
	Yes for configuration 5. Exact number should be discussed after we decide the structure of new format.
The applicable case of 16QAM should be identified.
UCI on PUSCH should be enhanced as the possible UCI bit multiplex on PUSCH could quite large to be fitted in 4 OFDM symbols of PUSCH. It could the case that UCI have more bits than data payload.
SRS enhancement requirements are to be clarified more specifically.  

	Intel
	How many CCs with UL/DL configuration 5 are supported in Rel-13 CA could be decided after decision on the new PUCCH format.
Regarding 16-QAM for UCI transmission, a careful tradeoff analysis should be provided to demonstrate the benefit. 
Enhancement on existing multi-SRS transmission needs to be further studied.

	Qualcomm
	For TDD configuration #5, it is necessary to extend to the support for more than 2 CCs. The max number of CCs with configuration #5 can be further studied.
For 16-QAM UCI, more study is necessary.
For SRS, it is not clear at this point whether any enhancements are necessary. Further discussion can be carried out.
It is also important to study the performance of UCI piggybacked on PUSCH, particularly regarding a large number of ACK/NAK bits on PUSCH, in order to investigate whether or not it is necessary to have some potential enhancements in case when current size limitation of UCI piggyback on PUSCH does not have satisfactory performance.

	LG
	On TDD UL/DL configuration 5, supported number of CCs would depend on maximum payload size of new HARQ-ACK PUCCH format (rather than 5). 
On use of 16-QAM, applying for UCI on PUCCH would be undesirable with consideration of UE multiplexing (more sensitive to phase/envelop error). 
On multiple SRS transmission, excessive power scaling should be avoided in order to guarantee accuracy of UL channel estimation. 
In massive CA, considering new HARQ-ACK PUCCH format consuming large amount of resources, it is required for resource efficiency to reduce the number of cell-specific SRS subframes where shortened PUCCH format is used at the sacrifice of multiplexing capacity. Under this situation, the number of SRSs transmitted in a same subframe would increase compared to the existing CA due to increase of aggregated UL cells (as well as reduction of cell-specific SRS subframes). Especially, considering TDD CA case where SRS is more useful to get CSI based on UL/DL channel reciprocity, SRS transmission would be more concentrated in a single UL subframe. In this case, if current power control (i.e., equal scaling for all collided SRSs) for power-limited case would be kept, UL channel estimation accuracy could not be guaranteed due to excessive power scaling.
For this reason, appropriate handling is necessary on multiple SRS transmission in power-limited case for effective UL channel sounding.

	Ericsson
	More than 2 CCs for TDD UL/DL configuration 5 should be supported. FFS how many carriers should be supported.
Regarding the necessity of using 16QAM for UCI, the study on UL SINR CDF should be done first.
The necessity of enhancing multi-SRS transmission is not clear and needs further study.

	Sharp
	Support for up to 5 CCs with TDD UL-DL configuration 5 is OK. For more than 5 CCs, it depends on the maximum payload size of the new PUCCH format.
Use of 16QAM should and handling of multiple SRS transmissions should be further study

	InterDigital
	The number of CCs that can be supported with TDD UL-DL configuration 5 can be decided based on the maximum payload size of a new PUCCH format.
16QAM is one candidate way of increasing UCI capacity that should be studied.
It is not clear if any enhancement to multiple SRS transmissions would be required at this point.

	Panasonic
	[bookmark: _GoBack]We think that how many CCs is supported for TDD UL-DL configuration 5 can be determined later when new payload size is determined. 16QAM and SRS are FFS.

	CMCC
	One point we want to clarify is that the motivation of the first sub-bullet is to support the aggregation of more than 2 carriers with reference HARQ timing as TDD config. 5, which is more general for CA application with both same and different TDD configurations. 
We believe that supporting eCA with more than 2 carriers with reference HARQ timing as TDD config. 5 can provide more flexibility for operators to enhance the downlink data rate. The number of aggregated carriers does not necessarily to be limited to 5 and needs FFS, by taking into account the requirements from operators. For example, from our perspective, eCA applied in hot spot region by aggregating 6 carriers with reference HARQ timing as TDD config. 5 may be a possible use case in the future, for boosting the downlink data rate. The design of new PUCCH format needs to take the number of aggregated carriers with reference HARQ timing as TDD config. 5 into consideration. 
Whether to use 16-QAM for UCI needs to be carefully studied and evaluated to ensure that the reliability of UCI can be guaranteed.
The necessity for SRS enhancements requires further discussion and clarification. 

	Motorola Mobility
	Aggregation of more than 2 CCs with TDD UL/DL configuration 5 should be considered depending on the decisions on the following: a new PUCCH format with larger payload size, number of supported PUCCH cell groups, and enhancements to bundling. 
16QAM for UCI and any necessary SRS enhancements can be studied further.
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