3GPP TSG RAN WG1 #97
                                                  
                    R1-1907529
Reno, USA, May 13th–17th, 2019
Agenda Item:
7.2.8.5
Source:
Huawei, HiSilicon

Title:
Rate matching for multi-TRP transmission for eMBB
Document for:
Discussion and Decision 

1 Introduction

In previous meetings, the following agreements on multi-TRP transmission were achieved [1]. 
Agreement

For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 

· to be discussed and down-selected in RAN1#96bis
In this contribution, we provide our considerations for rate matching enhancement for eMBB multi-TRP/panel transmission. 

2 Rate matching mechanism enhancement 
For multi-TRP transmission, rate matching mechanism should be investigated to avoid strong interference whilst minimizing the overhead. Various channels/RSs are under discussion. In general, the principle is that rate matching enhancement should balance between performance and overhead. In Rel-15, there’re already flexible rate matching mechanism, so more rate matching indication left to network implementation is preferred. 
2.1 Periodic signals
2.1.1 CSI-RS
For P/SP-NZP-CSI-RS or P/SP-ZP-CSI-RS, due to semi-static information exchange within the coordinated TRP set, one TRP can be aware of the resource allocation for P/SP-NZP-CSI-RS transmitting from another TRP through backhaul. Therefore a UE can perform rate matching according to existing Rel-15 NZP/ZP CSI-RS rate matching mechanism. Periodic TRS is similar to periodic NZP CSI-RS so that scheduled PDSCH per TRP would rate match around configured TRS resources. 
2.1.2 LTE CRS
In Rel-15, LTE CRS can be rate matched for LTE-NR UE coexistence. LTE CRS pattern is notified to the NR UE through the number of CRS ports, frequency shift, and MBSFN. NR UE needs to rate match around CRS REs to avoid interference from NR PDSCH over LTE CRS, and also ensure proper NR PDSCH decoding due to strong CRS interference. For multi-TRP transmission, it’s possible that two NR TRPs co-exist with two LTE TRPs with different LTE cell IDs, sharing the same frequency resources. Usually LTE cells would have different frequency shift of CRS for neighbouring cells. As an example shown in Figure 1, NR PDSCH #1 from NR TRP #1 can rate match around CRS pattern #1 from LTE TRP 1. However in Rel-15 by which only one CRS pattern can configured per NR cell, for the scenario of intra-cell NCJT, NR-PDSCH from TRP 2 will also interfere with LTE CRS pattern #2 from TRP 2 because of limited number of CRS pattern configuration per serving cell.  

On the other hand, if NR PDSCH, e.g. from TRP #1, would rate match around two CRS patterns from both TRP 1 and TRP 2 always, it may lead to large CRS overhead for NR PDSCH transmission. Thus considering coexistence of LTE-NR UEs for protecting CRS and NR PDSCH overhead for rate matching, for the intra-cell scenario, each NR PDSCH may only conduct rate matching for associated and pre-configured one/two CRS patterns. 
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Figure 1 Rate matching scenario for LTE CRS 

Proposal 1: CRS rate matching mechanism shall be enhanced to rate match around one or two CRS patterns for a PDSCH, which are associated with the same CORESET group scheduling the PDSCH. 
2.2 Aperiodic signals
2.2.1 NZP and ZP CSI-RS
For AP-NZP-CSI-RS, there is no explicitly rate matching in Rel-15. For example, there is no assumption that AP-NZP-CSI-RS is not used for PDSCH transmission. If PDSCH is not transmitted on AP-NZP-CSI-RS REs, the gNB can indicate ZP-CSI-RS REs for PDSCH to rate match around. 
For AP ZP-CSI-RS, the UE shall perform rate matching following the DCI field “ZP CSI-RS trigger” in Rel-15. The same mechanism can be reused for multiple-PDCCH based NCJT, i.e., each PDSCH should be rate matched only around the AP-ZP-CSI-RS indicated by the DCI scheduled the PDSCH. Aperiodic TRS rate matching rule was not handled specially in Rel-15 and it can be treated similar with AP-NZP-CSI-RS for multi-TRP transmission.
2.2.2 DMRS ports
For PDSCH DMRS, one PDSCH should rate match around another PDSCH DMRS REs. The rate matching mechanism for multi-DCI can be supported by “CDM groups without data” from the DCI field “antenna port” designed in Rel-15. With TRP coordination, CDM groups for DMRS ports from the other TRP can be indicated with Rel-15 mechanism for PDSCH rate matching. From [2], performance gain of DMRS rate matching compared to only rate matching around each TRP’s DMRS, is around 5%~7%. The overhead increase of DMRS rate matching is around 2.4% to 7.1%, varying with DMRS type, #of symbols. Therefore, DMRS rate matching should consider both performance of channel estimation as well as overhead. 
For example, in order to protect DMRS, when certain entry is indicated by DCI 1, UE can assume that REs occupied by the PDSCH scheduled by DCI 1 is not overlapped with PDSCH scheduled by DCI 2. The assumption may give some benefits for some DMRS configurations, e.g. when DMRS overhead is low. Thus, DMRS rule enhancement should consider particular DMRS configurations and entries, e.g. for the case without additional DMRS, to balance the overhead and performance.
2.2.3 PDCCH/RateMatchPattern
For PDCCH, rate matching pattern can be realized by “rateMatchPatternToAddModList”. The mechanism is that, rate matching patterns indicated by “RateMatchPattern” can be added into “rateMatchPatternToAddModList”. A CORESET ID or some RB patterns can be configured in “RateMatchPattern”. Some “RateMatchPattern” are further configured into rate matching pattern groups by “rateMatchPatternGroup1” or “rateMatchPatternGroup2” which would be indicated by rate matching indicator in DCI format 1_1. Remaining rate matching patterns from “rateMatchPatternToAddModList” will be always rate matched around in PDSCH, i.e. semi-persistently. In Rel-15, CORESETs from single TRP rate matching is optional. The gNB can explicitly indicate CORESET pattern/ID for PDSCH rate matching according to rate matching indicator in DCI or “rateMatchPatternToAddModList”. Otherwise the UE shall only rate match around PDCCH RBs scheduling corresponding PDSCH. For multi-DCI based multi-TRP transmission with non-ideal backhaul, if PDSCH/PDCCH interference is not managed, i.e. PDSCH from TRP #1 interfere PDCCH from TRP #2, decoding performance of PDCCH can be impacted seriously due to independent beamforming from two TRPs. 

For example, if neither CORESET IDs are not configured by any rate matching pattern, TRP #1 will transmit PDSCH #1 to the UE scheduled by PDCCH #1 and PDSCH #1 shall rate match around PDCCH #1. At the meantime, TRP #2 shall transmit PDSCH #2 to the UE scheduled by PDCCH #2. From TRP #1 perspective, PDCCH RBs from TRP #2 is unknown. So PDCCH #2 can be interfered seriously by PDSCH #1 due to beamforming.

To address above issue with Rel-15 rate matching mechanism, CORESET IDs for PDCCHs from TRP#1 and TRP#2 can be both configured into “rateMatchPatternToAddModList”. One solution is that rate matching patterns dedicated for TRP 1 and TRP2 are further configured by “rateMatchPatternGroup1” or “rateMatchPatternGroup2” respectively, as mentioned before. One state indicated by rate matching indicator would always be indicated by either TRP 1 or TRP2 to select one out of two groups. Another solution is that these CORESET rate matching patterns from two TRPs are included in “rateMatchPatternToAddModList” as remaining rate matching patterns. Then following Rel-15 specification, these CORESET patterns from both TRPs are always rate matched for PDSCH from TRP#1 or TRP#2. This may lead to large rate matching overhead of CORESETs. 

It may be also beneficial to enhance RM mechanism for CORESETs from two TRPs, by either configuring/using more states/bits of rate matching indicator in DCI or using high layer signalling to select CORESET rate matching patterns from “remaining rate matching pattern”. For the latter, rate matching patterns of CORESETs from TRP#1 and TRP#2 shall be configured into “rateMatchPatternToAddModList” as a part of “remaining rate matching patterns”. Certain association of rate matching patterns of CORESETs and specific PDSCH can be also configured by high layer signalling. It is also feasible that CORESET rate matching patterns configured for TRP#2 can be included in “RateMatchPattern”, whereas each “RateMatchPattern” is associated with the CORESET configured for TRP #1. Therefore when that CORESET from TRP#1 is used to schedule PDSCH #1, PDSCH#1 can rate match around associated “RateMatchPattern” which may include CORESET rate matching patterns of TRP#2.
2.2.4 Pre-emption indication
DCI Format 2_1 is used to indicate the pre-emption used by URLLC UEs for protecting eMBB UEs. If a UE has detected a DCI format 2_1, the UE may assume that there is no PDSCH transmission in PRBs/symbols indicated by DCI format 2_1. For the scenario of multi-TRP transmission, as shown in Figure 2, an eMBB UE is served by both TRP1 and TRP2. If there is another URLLC UE served by TRP2, some PDSCH resources from TRP2 can be pre-empted by PI and only impact the PDSCH demodulation from TRP 2. 

URLLC may be scheduled urgently and independently at each TRP assuming that URLLC/eMBB may share the same system bandwidth for efficient resource utilization, especially for the scenario with light URLLC traffic. The scenario of non-ideal backhaul, on the other hand, limits the possibility of coordinating URLLC services among TRPs. For intra-cell multi-TRP transmission, the UE needs a PI per PDSCH to protect corresponding PDSCH. Otherwise eMBB and URLLC services have to be FDM at the expense of spectral efficiency which may not be desirable if URLLC and/or eMBB services may not be heavy enough. 

As it is shown in Figure 2, both URLLC and eMBB UEs are scheduled with the same system bandwidth. Therefore eMBB UE receiving multiple PDSCH may assume no PDSCH within pre-empted PRBs/symbols by PI #1, if DCI 1_1 (scheduling PDSCH #1) and DCI 2_1 (indicating PI #1) are transmitted from the same TRP. The association to the same TRP can be lined by the same CORESET ID or the CORESET group ID. 
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Figure 2 Enhancement of PI fields 

Thus, for rate matching, we have the following proposal,

Proposal 2: PI indication should be enhanced so that the UE may assume pre-emption of a PDSCH according to PI indicated from respective DCI 2_1, which is associated with the same CORESET group ID scheduling the PDSCH. 

3 Conclusion

This contribution gives detailed considerations on rate matching for eMBB. In summary, the following proposals are made.

Proposal 1: CRS rate matching mechanism shall be enhanced to rate match around one or two CRS patterns for a PDSCH, which are associated with the same CORESET group scheduling the PDSCH. 
Proposal 2: PI indication should be enhanced so that the UE may assume pre-emption of a PDSCH according to PI indicated from respective DCI 2_1, which is associated with the same CORESET group ID scheduling the PDSCH. 
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