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1 Introduction
According to the WID [1], the necessary mechanisms and enhancements for the CA with up to 32 carriers was discussed for DL and UL. As results, RAN1 reached to following agreement and made some observations for DL. And due to lack of time in last RAN1 meeting, two email discussion has been assigned for the observations for UL [80-03] and simulation assumption [80-02] for obtaining UL SINR CDF(s)[3].
Agreements:
· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.

· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell
· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case
With discussion above, this contribution discusses on enhancements to UL control channel for b5C CA.
2 Discussion on UL signalling enhancement
Since Rel-10 CA, PUCCH format 1b with channel selection and PUCCH format 3 are supported for HARQ-ACK reporting for both FDD and TDD where PUCCH format 1b with channel selection can be configured and used for HARQ-ACK reporting in two CCs and PUCCH format 3 can support HARQ-ACK reporting for up to five CCs with some exceptional limitations that for example, PUCCH format 3 can only support the HARQ-ACK reporting up to 2CCs in case of TDD UL-DL configuration 5 or DL-reference UL-DL configuration 5 and so on. Also, in case of periodic CSI reporting on PUCCH since Rel-10, there has been at most one periodic CSI report of a DL CC in a subframe according to prioritization rule based on CSI types and serving cell indices, since for each CC periodic CSI reporting configuration is independent to one another.

2.1 Simultaneous PUCCHs for UCI signalling

In Rel-13, as a main objective for b5C WI, PUCCH on SCell will be also introduced for purpose of UCI overhead offloading from PCell to SCell. Thus, there can be two kinds of UEs who have the capability or not. If a UE is not configured with PUCCH SCell but is configured with maximally up to 32CCs for CA, it can be expected that too excessive UCI overhead for maximally up to 32CCs is concentrated on a PCell especially in TDD. It may be dependent on how many UCI bits are accommodated in a new UCI format(s) which is one of design object for b5C CA with up to 32CCs in Rel-13. However, when considering original UCI payload size for up to 32CCs and its detection reliability, sometimes it may not be possible to transmit all of UCIs for up to 32CCs by one new UCI format if UL resources are not excessively used. One possible way to realize it can be relying on more frequent UCI dropping, increased feedback latency (e.g. by TDM), excessive bundling or compression schemes and so on. However, it will definitely cause significant system performance degradation due to inefficient UCI signalling. 

One alternative to alleviate the problems on UCI signalling is to define that the UE that has CA capability to be able to aggregate the larger number of CCs (e.g. more than 16CCs) shall always support the functionality on PUCCH SCell as well. It means that by grouping multiple CCs (maximally 16CCs) corresponding to each PUCCH(look like serving cell group in dual-connectivity) in simultaneous PUCCH transmission, the maximum UCI overhead associated one PUCCH can be reduced as up to half. It would provide some flexibilities and benefits for example, efficient new UCI format design, potential avoidance of UCI overhead compression, better detection performance with efficient UCI size, flexible UCI overhead control by adjusting number of CCs within one group and so on. It can be also considered with existing PUCCH formats (1a/1b/1/2a/2b/2/3) within 5CCs. More details need to be further discussed.

Proposal 1: Multiple PUCCH transmissions with PUCCH serving cell groups can be considered for UCI feedbacks especially when larger number of CCs are aggregated up to 32 CCs.
2.2 Periodic CSI reporting
Since Rel-10, periodic CSI reporting can be transmitted either on PUCCH or PUSCH.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH in subframes without PUSCH allocation and on PUSCH in subframes with PUSCH allocation.
If a UE is configured for simultaneous PUSCH and PUCCH transmission, it shall transmit UCI reporting on PUCCH in subframes without PUSCH allocation if the UCI to be transmitted consists only of periodic CSI and on PUSCH in subframes with PUSCH allocation if the UCI to be transmitted consists of periodic CSI and HARQ-ACK.

Multiple Periodic CSI reporting on PUCCH

In Rel-11, there was the discussion on whether the multiple periodic CSI reporting for multiple CCs are necessary in a subframe. In terms of motivation, most of companies agreed to introduce the multiple periodic CSI reporting in same subframe in order to provide better DL throughput performance and avoid potential excessive CSI dropping due to independent periodic CSI reporting configuration for each CC that will result in the collision with other UL transmissions in same subframe (e.g. HARQ-ACK, SRS, periodic/aperiodic CSI reporting and so on) especially for TDD. However, even if the motivation was clear and well shared within RAN1 (there was agreement about that in RAN1#68bis [2]), there was no consensus on the issue that which UCI container among existing UCI formats (e.g. PUCCH format 3, PUSCH) shall be supported for multiple periodic CSI reporting for up to 5CC. So finally, the multiple periodic CSI reporting has not been supported till now.
According to new CA WI in Rel-13, the design of new UCI format(s) that accommodates larger payload size than that of PUCCH format 3 (22bits) to contain UCIs for up to 32CCs as much as possible is required. Thus, it seems be quite straightforward to support multiple CSI reporting by using the new UCI format(s) in Rel-13, since significant periodic CSI dropping will occur due to larger number of activated CCs, if only one periodic CSI reporting is only possible in a subframe as in Rel-12, and in TDD the problem will be much serious. However, even if new UCI format(s) would be provided, all of periodic CSI reporting from b5C CA and MIMO related TMs (e.g. CoMP, FD-MIMO) in a subframe may not be contained if more UL resources are not used. Thus, we need to discuss how many activated CCs are considered for the multiple CSI reporting when new UCI format design is discussed. And additionally CSI compression schemes can be studied if needed. 

Multiple Periodic CSI reporting on PUSCH

Similar with above discussion, since Rel-10 a UE configured with multiple CCs transmits only one periodic CSI reporting although there is a PUSCH transmission in same subframe. However, if the multiple periodic CSI reporting is supported by PUCCH (e.g. using new UCI format) as discussed above, the multiple periodic CSI reporting corresponding to those on PUCCH can be also transmitted by piggybacking on PUSCH if there has PUSCH allocation in same subframe. Thus, it should be discussed how to contain multiple periodic CSI reporting on PUSCH if the multiple periodic CSI reporting is supported.

If UE is configured with simultaneous PUCCH and PUSCH, different UE behaviour can be considered which is different from current UE behaviour. One alternative is that if the multiple periodic CSI reporting can be transmitted on new UCI format and there is PUSCH allocation in same subframe, the multiple periodic CSI reporting does not need to transmit on the PUSCH. Thus, the detail UE behaviour can be further studied.

Simultaneous transmission of periodic CSI and HARQ-ACK

For a UE in Rel-12 CA, if periodic CSI and HARQ-ACK are to be transmitted in the same subframe on PUCCH, the periodic CSI report is dropped except for some cases that for example, 
· The UE configured with PUCCH format 3 can transmit simultaneous transmission of periodic CSI for one CC and HARQ-ACK for possibly multiple CCs (up to 5CCs), if the payload size consisting of the periodic CSI and HARQ-ACK information (including SR) is not over PUCCH format 3 payload size (up to 22bits). 
· The HARQ-ACK corresponds to a PDSCH transmission or a (E)PDCCH indicating SPS release only on PCell.
· The UE configured with PUCCH format 1b with channel selection in TDD can transmit simultaneous transmission of periodic CSI for one CC and HARQ-ACK, if the UE receives PDSCH and/or (E)PDCCH indicating SPS release only on PCell.
According to further increased number of CCs, the collision probability of periodic CSI reporting and HARQ-ACK in CA will be significantly increased especially for TDD, since this collision problem has been one of bottlenecks on improvement of system performance even in current CA. Similar with multiple periodic CSI reporting case, although new UCI format design would provide larger payload size than existing one(e.g. PUCCH format 3), it may not avoid frequent CSI dropping considering larger amount of information bits from HARQ-ACK and periodic CSI reporting for larger number of CCs. It would impact on overall system performance degradation in b5C CA due to lack of CSI feedback. Thus, efficient solutions can be discussed to solve it.
Simultaneous transmission of periodic CSI and SRS

In Rel-12 CA, the periodic SRS shall not be transmitted when the periodic CSI using PUCCH format 2/2a/2b in the same subframe. And aperiodic SRS shall not be transmitted when the aperiodic SRS collides with PUCCH format 2a/2b or 2 with HARQ-ACK in the same subframe. And periodic CSI using PUCCH format 2 without HARQ-ACK shall not be transmitted when it collides with aperiodic SRS. 
However, if larger number of activated CCs (maximally up to 32CCs) are aggregated for a UE, the collision probability of CSI and SRS is much higher than in Rel-12, and even in Rel-12 CA (up to 5CCs), it can be also frequently happened. Then dropping either CSI or SRS is much more frequent than current CA, and thus it has heavier impact on system performance. In conclusion, simultaneous transmission of periodic CSI and SRS can be considered in Rel-13.

Simultaneous transmission of periodic CSI and Aperiodic CSI

In Rel-12 CA, when periodic CSI collides with aperiodic CSI reporting in same subframe, the UE shall only transmit the aperiodic CSI reporting in that subframe. When considering further increased maximum number of aggregated CCs up to 32CCs and additional PUCCH transmission on SCell by eNB configuration, the collision probability of periodic CSI and aperiodic CSI is also much higher than current CA. And, if important CSI type in periodic CSI reporting such as RI or wideband CQI/PMI collides with aperiodic CSI reporting containing less important CSI type (e.g. subband CQI/PMI), the important CSI types will be dropped due to current specification. However, it will cause scheduling problem for any serving cells corresponding to important periodic CSI reporting due to the miss-match between actual channel status and last reported CSI which is not same as the dropped CSI (e.g. dropped RI). In order to avoid system performance degradation, it can be beneficial to allow simultaneous transmission of periodic CSI and aperiodic CSI in same subframe with further design aspects including new UCI format, simultaneous PUCCH, PUSCH configuration, simultaneous PUCCH configuration and so on.
Proposal 2: Based above considerations, UCI signalling enhancements can be further considered in Rel-13.

2.3 HARQ-ACK reporting

In Rel-12 CA, the maximum number of HARQ-ACK bits can be calculated based on following equations.
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In case of FDD CA or TDD-FDD primary cell frame structure type 1, maximum HARQ-ACK bits are 10bits under 5CCs, and thus it is possible to transmit the 10 HARQ-ACK bits by PUCCH format 3 without bundling.

In case of TDD CA or TDD-FDD primary cell frame structure type 2 and UE is configured with PUCCH format 3, total 21-bit HARQ-ACK can be transmitted by using PUCCH format 3. So, in order to match the PUCCH format 3 payload size, spatial bundling is performed for each serving cell when more than 20(TDD) or 21(TDD-FDD primary cell frame structure type 2) HARQ-ACK bits for M multiple DL subframes associated with a single UL subframe and configured serving cells. And even if the spatial bundling is performed, the bundled number of HARQ-ACK bits can be over 21bits again. For the case, some limitations on number of CCs for CA were specified until Rel-12 CA as seen followings:
· Rel-10 CA (same TDD UL-DL configuration)
· If UE is configured with TDD UL-DL configuration#5 in TDD CA, where 9 DL subframes are associated in a UL subframe, it is restricted to only 2CCs for TDD CA. Thus, its maximum number of HARQ-ACK bit is calculated based on following: 2CCs * 2(MIMO per serving cell) * 9(# of DL subframes per serving cell) = 36bits. Then, spatial bundling can be applied on that.
· Rel-11 CA (different TDD UL-DL configuration)
· If UE is configured with DL reference UL-DL configuration#5 in TDD CA, where 9 DL subframes are associated in a UL subframe, it is restricted to only 2CCs for TDD CA. Thus, its maximum number of HARQ-ACK bit is calculated based on following: 2CCs * 2(MIMO per serving cell) * 9(# of DL subframes per serving cell) = 36bits. Then, spatial bundling can be applied on that.
· Rel-12 CA (TDD-FDD CA)
· When a UE is configured with PUCCH format 3 and if there are serving cells having M>4, the possible number of aggregated CCs are limited not to exceed the 21 HARQ-ACK bits.
Meanwhile, considering the b5C CA configuration with up to 32CCs and the some CA configurations for which the existing UCI format (e.g. PUCCH format 3) cannot support, new UCI format design shall be provided in Rel-13.

After applying same equation (1) and (2) above for b5C CA with 32CCs and MIMO TM, it can be calculated that the maximum number of HARQ-ACK bits are 64bits in case of FDD CA (1) and 638bits in case of TDD-FDD primary cell frame structure type 2 with DL reference UL-DL configuration 5 and secondary cell frame structure type 1. It can be summarised with assuming all serving cells are configured with MIMO TM and same M values for the simplicity especially in TDD-FDD CA as following tables:
Table 1: UL ACK/NACK design for FDD CA or TDD-FDD PCell frame structure type 1 in Rel-12
	Number of configured serving cells
	ACK/NACK transmission

	
	Max number of A/N bits
	Bundling schemes
	PUCCH format 1b with channel selection, or PUCCH format 3, or new UCI format

	2
	4
	N/A
	PF 1b with channel selection, or PF 3

	3
	6
	N/A
	PF 3

	4
	8
	N/A
	PF 3

	5
	10
	N/A
	PF 3

	5<
	-
	-
	-

	32
	64
	FFS
	New UCI format


*Note: for simplicity, it is assumed that all serving cells have same M values in TDD-FDD CA
Table 2: UL ACK/NACK design for TDD CA or TDD-FDD PCell frame structure type 2 in Rel-12 
	Number of configured CCs
	ACK/NACK transmission scheme
	M=2
	M=3
	M=4
	M=9
	M=10

	2
	PF1b with channel selection
	Max number of A/N bits
	4
	4
	4
	N/A
	N/A

	
	
	Bundling schemes
	Time and spatial bundling
	Time and spatial bundling
	Time and spatial bundling
	N/A
	N/A

	
	PF3
	Max number of A/N bits
	8
	12
	16
	18
	20

	
	
	Bundling schemes
	N/A
	N/A
	N/A
	Spatial bundling
	Spatial bundling

	3
	PF3
	Max number of A/N bits
	12
	18
	12
	N/A
	N/A

	
	
	Bundling schemes
	N/A
	N/A
	Spatial bundling
	N/A
	N/A

	4
	PF3
	Max number of A/N bits
	16
	12
	16
	N/A
	N/A

	
	
	Bundling schemes
	N/A
	Spatial bundling
	Spatial bundling
	N/A
	N/A

	5
	PF3
	Max number of A/N bits
	20
	15
	20
	N/A
	N/A

	
	
	Bundling schemes
	N/A
	Spatial bundling
	Spatial bundling
	N/A
	N/A

	5<
	-
	-
	-
	-
	-
	-
	-

	32
	New UCI format
	Max number of A/N bits
	128

(w/o bundling)
	192

(w/o bundling)
	256

(w/o bundling)
	576

(w/o bundling)
	640

(w/o bundling)

	
	
	Bundling schemes
	FFS
	FFS
	FFS
	FFS
	FFS


*Note: for simplicity, it is assumed that all serving cells have same M values in TDD-FDD CA

As referring to above tables, there are a lot of cases that RAN1 should take into account new UCI format designs and bundling schemes for Rel-13 b5C and even for current CA (no supportive cases). The design of UL ACK/NACK transmission schemes essentially focuses on the tradeoff between UL ACK/NACK detection performance (PUCCH coverage) and the corresponding DL throughput loss. To improve the reliability of UL ACK/NACK detection performance in TDD regardless whether how many payload bits can be supported by new UCI format, ACK/NACK bundling scheme is preferable to reduce the number of transmitted UL ACK/NACK information bits. On top of that, the simultaneous PUCCH transmission can also reduce the number of ACK/NACK information bits by splitting the associated DL CCs per each PUCCH as discussed in above sections (e.g. max number of DL CC can be reduced from 32CCs to 16CCs for a PUCCH). There can be several alternatives for the bundling schemes including spatial bundling and time/CC bundling and thus, additional bundling schemes shall be discussed with new UCI format design in RAN1.
Additionally, additional bundling can be also used for existing PUCCH formats in order to further improve ACK/NACK detection performance.

Proposal 3: Together with the design of new UCI formats, additional bundling schemes shall be studied to support reliable ACK/NACK detection performance in Rel-13.
3 New UCI format design

In order to support large amount of UCI reporting for up to 32CCs, new UCI container shall be introduced. As shown in Table 1 and 2, we have to determine the maximum number of HARQ-ACK bits when new UCI format design is discussed. For FDD, we think at least 64bits HARQ-ACK bits as max. value should be supported without bundling to keep same principle as in Rel-12. For TDD, since it would be expected to configure practically like TDD UL-DL configuration 2 with M=4, the maximum number of HARQ-ACK bits could be 128bits and then, as discussed in Section 2, additional bundling can be considered.
Based on the possible maximum number of HARQ-ACK bits, there can be some alternatives either PUSCH or PUCCH format 3 like structure as starting point. 
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Figure 1. PUCCH format 3-like new UCI format structure (normal CP)
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Figure 2. PUSCH-like new UCI format structure (normal CP)
Depending on which UCI format structure is used for reporting HARQ-ACK bits, there are some trade-offs between candidates of new UCI format structure including above two alternatives, that are for example, coding rate (related to max. payload size), channel estimation performance (number of DMRS symbols), multiplexing capacity, potential other UCI combinations (e.g. periodic CSI, SR), eNB/UE implementation and specification impacts. Thus, together with the design aspects, RAN1 should support new UCI format in b5C CA, and above two alternatives can be starting point for further study.
Proposal 4: Maximum number of HARQ-ACK bits for new UCI design should be firstly discussed. For FDD, 64 HARQ-ACK bits as max. value should be supported and for TDD, it is FFS.
4 Conclusion

This contribution investigates potential area of UCI enhancements in case of b5C CA. According to the discussion, followings are made as our proposals:
Proposal 1: One PUCCH transmission can be only associated with up to 16 CCs. A UE configured more than 16CCs shall support the capability of PUCCH SCell so that simultaneous PUCCHs can cover the UCI signalling for up to 32 CCs by using the grouping of DL CCs corresponding to each PUCCH in CA.
Proposal 2: Based above considerations, UCI signalling enhancements can be further considered in Rel-13.
Proposal 3: Together with the design of new UCI formats, additional bundling schemes shall be studied to support reliable ACK/NACK detection performance in Rel-13.
Proposal 4: Maximum number of HARQ-ACK bits for new UCI design should be firstly designed. For FDD, 64 HARQ-ACK bits as max. value should be supported and for TDD, it is FFS.
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