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Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. One of the objectives is to specify necessary mechanisms to enable LTE CA extension with up to 32 component carriers, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers
· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
In this contribution, we discuss the enhancements to UL control signaling for up to 32 component carriers.
Discussion
In 3GPP up to Rel-12, maximum 5 component carriers (CC) are supported for CA. Aggregating more CCs, i.e., up to 32 carriers may significantly increase the load of UL control signaling and current design is insufficient due to limited capacity. Herein we discuss potential enhancements to UL control signaling. The general aim is to simplify the scheduling and UCI handling for up to 32 CCs.
UCI on PUCCH
[bookmark: _Ref410219919]UCI on single UL CC
To support carrier aggregation with up to 32 CCs, UCI payload size will be significantly increased. For example, the HARQ-ACK bits could be up to 64 bits in case of FDD PCell and up to 128 bits in case of TDD PCell. Herein TDD UL/DL configuration 5 as the PCell is not taken into consideration because it doesn’t support 5CCs in 3GPP up to Rel-12. If all 128 HARQ-ACK bits are sent over PUCCH on a single UL CC, current PUCCH format 3 which supports up to 20 HARQ-ACK bits is not sufficient. 
It is important to remember in the design of HARQ feedback that DL CA is a feature not only to reach peak data rates on paper, but mainly to increase the data rate of the UE in the whole cell coverage area. The operating SNR increments for PUCCH format 3 under different channel model assumptions are examined in Figure 1. It can be observed that transmitting 20 HARQ-ACK bits requires more than 4dB SNR than transmitting 10 HARQ-ACK bits. Therefore, it is imperative to determine what SNR the HARQ feedback should be supported so that a target is set on what coverage area DL CA can be operated within. This is to enable that a sufficient number of UEs can operate DL CA. 
[image: ]
Figure 1 Operating SNR increments and power control functions from [2].
Depending on the supported SNR, there are several options to design the HARQ-ACK feedback on one single UL CC. 
One straightforward way could be to use more resources, i.e., to carry more HARQ-ACK bits on PUCCH by using PUCCH format 3 on multiple PRB pairs instead of 1 PRB pair. However, this option increases the PUCCH load. It could be a problem if multiple UEs transmit PUCCH and/or PUSCH on the same UL CC and the capacity can be limited. It is however notable that there would be a gain of about 1 dB in SNR by providing two PRBs with 10 ACK/NACK bits each instead operating on a single PRB with 20 ACK/NACK bits, as shown in Figure 1. In the end it is a trade-off between number of PBR resources and required SNR to operate on. A key aspect there is for what operating SNR is required and what is the acceptable overhead. 
Another option is to use bundling for the HARQ-ACK bits to have a reasonable UCI payload size even for aggregating 32 DL CCs. Spatial bundling has been already adopted in TDD to squeeze the HARQ-ACK feedback on limited PUCCH resources. Similar principle could be adopted for the case with up to 32 CCs. Besides spatial bundling across codewords, the bundling can be done across time and/or frequency to further compress the HARQ-ACK payload size if needed. The bundling could be done based on carrier grouping as discussed in [3]. Continuous carrier in the same band could be configured as one aggregation group and HARQ-ACK feedback for all DL CCs in one aggregation group could be bundled together. A potential framework is to support up to 8 groups and up to 8 CCs per group so that PUCCH format 3 could be largely reused. This approach should be adopted if the determined operating SNR for DL CA is low. It can also be combined with the first approach.
Regarding periodic CSI, it is not necessary to further enhance the capacity on PUCCH due to more DL CCs. It can be expected that a large number of DL CCs are used mainly to expand the data rate, i.e. if the eNB has large amount of DL data to schedule to UE, the eNB will utilise many DL SCells. Correspondlingly the DL SCells will be used for a significant time before the eNB has emptied its transmission buffer. It is very unlikely that the eNB will activate many SCells without scheduling data on them for a long period of time. Periodic CSI reports are mainly used to get a good starting point for the link adapation and scheduling. When data is being contintuously scheduled, the resolution of the periodic CSI report is not good enough for continous data scheduling. Therefore, the most practical approach would be to realy only on aperiodic CSI reports. Based on above consideration, there seems to be no need to enhance the periodic CSI for CA with a large number of DL CCs.
Observation:
· Enhancements to HARQ-ACK for CA with a large number of DL CCs are needed. Options include using PUCCH format 3 on multiple PRB pairs, and/or using carrier grouping and HARQ-ACK bundling. 
· It is not necessary to enhance the periodic CSI for CA with a large number of DL CCs.
Proposal:
· Determine what SNR DL CA shall be supported for. 
· Further study the enhancements on HARQ-ACK on PUCCH based on the determined SNR.
UCI on multiple UL CCs
When there are multiple UL CCs available, carrier grouping can be applied. It can be configured that within one aggregation group, there is a carrier allocated as PUCCH Cell, on which PUCCH is transmitted. And one of PUCCH Cell should be the legacy primary cell, on which a UE perform Random Access, paging/system information reception, etc. The scheduling and HARQ-ACK feedback timings and procedures can be treated independently within each aggregation group. And the scheduling timing and HARQ-ACK timing can simply follow Rel-11/12 principles within each group, i.e., reference timing is based on PUCCH Cell.
With a smaller number of CCs in a group, PUCCH format 3 may be applied to feedback HARQ-ACK bits on the PUCCH Cell in the group. However, the UL coverage when there are multiple PUCCH on different CCs should be carefully studied. In case there is a large number of CCs in one group and the HARQ-ACK feedback exceeds the maximum capability of PUCCH format 3, the enhancements for a single UL CC discussed in 2.1.1 shall be studied and applied.
Observation:
· Carrier grouping can be applied for UCI on multiple UL CCs. It can be configured that within one aggregation group, there is a carrier allocated as PUCCH Cell, on which PUCCH is transmitted. 
· The UL coverage when there are multiple PUCCH on different CCs should be studied.
UCI on PUSCH
[bookmark: _Ref410313361]UCI on single UL CC
As discussed earlier, the eNB utilises a large number of DL SCells only if the eNB has large amount of DL data to transmit to the UE. It is very likely that there will also be UL data (e.g. TCP ACK) when aggregating many DL CCs. Hence, multiplexing UCI on PUSCH is deemed to be a common user case. 
How UCI is handled need to be separated into a discussion on how aperiodic CSI reports and HARQ-ACK is handled. For the HARQ-ACK feedback it is similar as for the PUCCH design so that sufficient coverage needs to be achieved. The aperiodic CSI reports are large in size and when multiplexing many more carriers there are several aspects that need to be considered. Firstly, combining aperiodic CSI from 32 carriers into a single PUSCH with convolutional code is not an optimal design choice in terms of coding method due to that the number of bits to transmit is very large. Secondly, the vast number of bits will potentially limit the UL coverage of the report. Before studying methods to compress the aperiodic CSI reports it is hence fruitful to conduct a study on what the corresponding coverage would be for an aperiodic CSI reports for 32 carriers are. 
Proposal:
· Study the UL coverage of HARQ-ACK and aperiodic CSI for 32 carriers on PUSCH.
UCI on multiple UL CCs
When there are multiple UL CCs available, one option could be to apply carrier grouping so that UCI bits for carriers within one group are feedback on a UL CC in this group. The UL coverage when there are multiple PUSCH on different CCs should be studied.  In case there is a large number of CCs in one group and the UCI feedback exceeds the maximum capability, the enhancements for a single UL CC discussed in 2.2.1 shall be studied and applied.
Observation:
· The UL coverage when there are multiple PUSCH on different CCs should be studied.

Conclusion
In this contribution, we discussed possible enhancements for UL control signaling and made the following proposals and observations:
Observation:
· Enhancements to HARQ-ACK for CA with a large number of DL CCs are needed. Options include using PUCCH format 3 on multiple PRB pairs, and/or using carrier grouping and HARQ-ACK bundling. 
· It is not necessary to enhance the periodic CSI for CA with a large number of DL CCs.
· Carrier grouping can be applied for UCI on multiple UL CCs. It can be configured that within one aggregation group, there is a carrier allocated as PUCCH Cell, on which PUCCH is transmitted. 
· The UL coverage when there are multiple PUCCH on different CCs should be studied.
· The UL coverage when there are multiple PUSCH on different CCs should be studied.
Proposal:
· Determine what SNR DL CA shall be supported for. 
· Further study the enhancements on HARQ-ACK on PUCCH based on the determined SNR.
· Study the UL coverage of HARQ-ACK and aperiodic CSI for 32 carriers on PUSCH.
References
[bookmark: _Ref399492251][bookmark: _Ref409528764]RP-142286, “New WI proposal: LTE Carrier Aggregation Enhancement Beyond 5 Carriers On the number of antenna columns”, RAN#66, 
[bookmark: _Ref409699007][bookmark: _Ref410216260]R1-105859, “Power control for PUCCH format 3”, RAN1#63, Ericsson, ST-Ericsson.
[bookmark: _Ref410218941]R1-150323, “DL control signaling enhancements for up to 32 CCs”, RAN1#80, Ericsson.




image1.emf
0 5 10 15 20

-2

0

2

4

6

8

10

Format 3, Conv RX, Freq(DTX->ACK)=0.01

Number of A/N Bits

Relative Operating SNR increment [dB]

 

 

Format 1a

Format 3

10MHz, EPA, 3km/hr

5MHz, ETU, 3km/hr

5MHz, ETU, 120km/hr

10MHz, EPA, 3km/hr, SRS

5MHz, ETU, 3km/hr, SRS

5MHz, ETU, 120km/hr, SRS

 h = 10log

10

(n

HARQ

)-4.5

 h = (n

HARQ

-1)/2


