
3GPP TSG RAN WG1 #91
        

             R1-1720350
Reno, USA, November 9 – 13, 2017
Agenda item:
7.3.4.2
Source: 
Samsung 

Title: 



    CA Operation Aspects
Document for:
Discussion and Decision
1 Introduction

The following were agreed in RAN1#90bis for CA operation in NR.
Agreements:
· The following working assumption is confirmed:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)

· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled

· FFS whether CIF is present or not in other DCI cases
· A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 

· FFS details how to use the configuration. The LTE mechanism is the baseline

· Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits
· ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS
This contribution considers remaining aspects related to CA operation in NR other than non-CA HARQ-ACK transmission aspects and UL power control aspects which are primarily treated in [1] and [2], respectively.
2 Remaining CA/DC Aspects
Some of the remaining aspects for CA operation are:

SCell Activation/Deactivation: 

SCell activation/deactivation by DCI was proposed in RAN1#90bis and was further considered in subsequent email discussions. The perceived benefit of DCI based activation is a reduction in latency. However, several components affect scheduling latency, including CSI feedback, RF delay, and synchronization delay. Some of these components do not exist for BWP activation by DCI. Therefore the reduction in total latency by DCI based SCell activation is not as material compared to a MAC-CE based one considering the NR can support fast PDSCH decoding (at least for small TBs) particularly for UEs with relatively high processing capabilities such as ones supporting CA (that is, MAC-CE based SCell activation/deactivation may not incur significant latency). 

Proposal 1: Consider the possibility for DCI-based SCell activation/deactivation after phase 1. 
Search Space sharing for cross-carrier scheduling and same DCI size: 

Search space sharing for cross-carrier scheduling in case of same DCI format size is used in LTE and can provide material reduction in blocking probability and potentially enable reduction in UE power consumption. The principle is similar as sharing in the LTE CSS the search space for common DCIs and UE-specific DCIs 0/1A. No drawbacks are indentified. 

Proposal 2: DCI formats with same size can share a search space in case of cross-carrier scheduling.
HARQ-ACK codebook with CBG configuration 

Due to adaptive HARQ-ACK timing introducing a ‘bundling window’, HARQ-ACK payloads in NR CA resemble one in LTE TDD CA. An additional component in NR is the CBG-based HARQ-ACK transmission which can further increase HARQ-ACK payloads by as much as a factor of 8. Then, for a moderate ‘bundling window’ size of 4 scheduling periods, 8 configured cells, and HARQ-ACK bundling (if applicable), the HARQ-ACK payload is 256 bits without including CRC or potential SR/CSI multiplexing. BLERs in the range of 1% for such HARQ-ACK payloads can only be supported for UEs with at least moderate SINR. Although when the UE needs to transmit HARQ-ACK for all CBGs in all scheduling periods and in all cells, the maximum HARQ-ACK payload needs to anyway be supported, this is an atypical scenario and HARQ-ACK BLER should not always be penalized by designing for a ‘worst case’ scenario. 

CBG-based DAI avoids the above problem by dimensioning the HARQ-ACK codebook based on the actual HARQ-ACK transmitted bits which improves coverage, reliability, and UE power consumption. The operation is similar to TB-based DAI and additional specification/implementation impact is marginal. A DAI size in DL DCIs needs to increase by log2(N) bits, where N is the number of configured CBGs, but HARQ-ACK codebook size can decrease by as much as a factor of N. Further, it can be a network configuration whether or not to employ CBG-based HARQ-ACK codebook. No drawback to configuration of CBG-based or TB-based DAI operation is identified.

Proposal 3: A UE configured for CBG-based HARQ-ACK feedback, can be configured for TB-based or CBG-based DAIs in DL DCI formats.
Triggering of HARQ-ACK codebook retransmissions 

With CRC, an HARQ-ACK codeword does not have a functional difference relative to a data codeword in terms of identifying an incorrect reception at a gNB. Then, a retransmission of a HARQ-ACK codeword can be triggered by the gNB. Typically, only a few HARQ-ACK bits are NACK/DTX and transmitting all PDCCH and all PDSCH in all cells and all scheduling periods (‘slots/mini-slots’) again in case of an HARQ-ACK codeword error is clearly a poor design when triggering for a HARQ-ACK codeword retransmission can be supported and then PDCCH/PDSCH corresponding only for the NACK/DTX is needed. This can also reduce a target HARQ-ACK BLER and offer improved robustness to the system operation, reduce latency, and improve coverage. Triggering of a (last) HARQ-ACK codeword retransmission can be by a field in a DCI format that can also indicate time/frequency resources (2 bits) or can be combined with a new HARQ-ACK codeword (1 bit). The former alternative is preferable. 

Proposal 4: Support HARQ-ACK codeword retransmission.
PDCCH monitoring periodicity for cells of same cell group
LTE has a single monitoring periodicity (a subframe) although, for EPDCCH, a UE can be configured the subframes to monitor PDCCH or EPDCCH. In NR, different monitoring periodicities can exist. The question then is whether HARQ-ACK codebook per cell-group can include cells where a UE is configured different PDCCH monitoring periodicities, how many PDCCH monitoring periodicities, what is the impact on the total DAI operation, on the HARQ-ACK timing design, and on the functionality of the search space in case of cross-carrier scheduling when PDCCH is monitored for different number of cells at different time instances. Further, in [4], RAN down-scoping includes 
a) ‘basic NR-NR CA operation’, and, 
b) under scheduling/HARQ aspects, ‘NR-NR CA with same numerology within the same PUCCH group, including both DL and UL’ and that ‘Use of different numerology for SUL in a PUCCH group can be considered’. 

Considering the above technical issues and the RAN down-scoping (different PDCCH monitoring periodicities in different cells are equivalent to different numerologies in different cells in terms of search space design and HARQ-ACK codebook design for CA), NR-NR CA for phase 1 should consider ‘basic CA operation’ per cell group. This implies same PDCCH monitoring periodicity per cell group.

Proposal 5: Consider different PDCCH monitoring periodicities per cell group after phase 1.
3 Conclusions

This contribution considered remaining aspects for CA operation in NR. In particular, the following are proposed. 
Proposal 1: Consider the possibility for DCI-based SCell activation/deactivation after phase 1. 
Proposal 2: DCI formats with same size can share a search space in case of cross-carrier scheduling.
Proposal 3: A UE configured for CBG-based HARQ-ACK feedback, can be configured for TB-based or CBG-based DAIs in DL DCI formats.
Proposal 4: Support HARQ-ACK codeword retransmission.
Proposal 5: Consider different PDCCH monitoring periodicities per cell group after phase 1. 
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