[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #98						R1- 1909380
Prague, Czech, August 26th – 30th, 2019 

Source:	KDDI
[bookmark: _Hlk7021491]Title:	Enhancements on Multi-TRP/panel transmission  
[bookmark: Source]Agenda Item:	7.2.8.2
[bookmark: DocumentFor]Document for: 	Discussion
Introduction
In RAN1#96bis and #97, the following agreements on reliability/robustness enhancement with multi-TRP/panel for PDSCH transmission were achieved [1]. 

Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement
For M-TRP based URLLC, support both 2a and 2b 
· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

Agreement
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· The maximal number of transmission layers per transmission occasion, down-select one from the following options:
· Option 1: up to single layer transmission 
· Option 2: up to two layers transmission 
· PDSCH repetition indication mechanism:
· Number of repetitions, down-select one from following options:
· Option 1: Dynamic indication
· Option 2: High-layer configured as Rel-15 


Agreement by Email Discussion [96-NR-09]
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· Resource allocation in time domain:
· FFS for further details of the signaling, e.g. starting from the signaling mechanism of slot aggregation in Rel-15
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be indicated for each repetition
· FFS: whether/how to handle the time domain resource allocation considering  slot boundary or DL/UL switch in a slot
· Resource allocation at frequency domain: 
· Same frequency domain resource allocation across repetitions as Rel-15 
· For the number of TCI states across PDSCH repetitions, down-select one from following options: 
· Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
· Option 2: up to 4 
· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 
· Option 2-2: New field in DCI (or reuse one or more existing fields in DCI) for indication. 
· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. One codepoint in joint field is to indicate up to 4 TCI states and corresponding RV sequences.
· RV sequences for PDSCH repetitions 
· Option 1: support Rel-15 RV sequences at least 
· FFS whether additional RV sequence(s), e.g. {0,0,0,0}, {0,3,0,3}, {0,3,2,1}, is needed, and whether/how a RV sequence applied to the UE is per TRP
· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec.
· How to map RVs in RV sequences and indicated TCI states to transmission occasions taking into account 
· whether the number of transmission occasions is dynamically indicated or higher layer configured.
· whether the selected RV sequence depends on the number of TCI state(s) indicated in the codepoint.  
· whether channel estimation interpolation across mini-slots/slot with the same TCI index
· LDPC base graph and TBS shall be same across repetition.

In this contribution, we provide our views on TDM scheme’s design of multi-TRP/panel transmission for reliability/robustness enhancements and CSI measurement/reporting issues. 

Discussion on reliability/robustness enhancements with multi-TRP/panel transmission for PDSCH
TDM schemes 
The number of TCI states across PDSCH repetitions 
Among URLLC-based schemes, TDM-based repetition scheme may cause the largest latency problem. However, for FR2, since a UE doesn’t have a capability of simultaneous reception in multiple directions, TDM scheme is the only way to enhance reliability/robustness at this stage. To do that, spatial diversity gain with multi-TRP/panel transmission should be considered at the maximum. In this point of view, Option 2, i.e. up to 4 TCI states, is more flexible and reasonable selection for scheme 3 and 4. 

Proposal 1:  The number of TCI states across PDSCH repetitions for scheme 3 and 4 is up to 4. 

RV sequences and TCI states related to transmission occasions
[bookmark: _Hlk16877228]In general, soft combining gain derived from each RV sequence can be obtained when spatial parameter conditions per each PDSCH transmission is almost same. This means that If this notion is applied for multi-TRP/panel functionality, RV order should be completed per TRP. However, in blockage scenario especially for FR2, at least self-decodable RV sequence must be transmitted per TRP and received by a UE. The most conservative way is all of RV orders are self-decodable RV. However, considering a UE condition, it should be desirable for base station to determine whether RV order is composed by only self-decodable RV or other combination. Regarding to how to indicate the number of repetitions, DCI-based dynamic is more flexible. However, considering that overhead, higher layer configuration is better than that. Take variety of terminal types into account, we think that these two types of indication way are needed for flexible configuration. 

Proposal 2: Whether RV order is composed by only self-decodable RV or other combination is depend on base stations configuration. 
Proposal 3: For indication of the number of repetitions, dynamic indication and higher layer configuration should be supported. 

FDM scheme
As mentioned in previous clause, the larger the number of TCI states, i.e. TRPs, is increase, the larger spatial diversity gain can be achieved. In FDM case, flexible frequency resource allocation per TRP can make more reliable transmission in one slot. Hence, we propose 

Proposal 4:  The number of TCI states across PDSCH repetitions for scheme 2 is up to 4. 

[bookmark: _Hlk16695927]Combination of schemes 
As mentioned in previous contribution [2], URLLC-based multi-TRP/panel transmission schemes have different benefits respectively depending on the conditions such as channel state, resource utilization, UE antenna configuration, frequency range, TB size, UE capability and so on. Several schemes have already supported in Release 16, and therefore, to fully take advantage of URLLC, a combination of schemes like dynamic switching of multi-TRP/panel transmission schemes and/or combined schemes should be encouraged to consider.

For dynamic switching of multi-TRP/panel transmission schemes for URLLC, this way is based on TDM repetition. For instance, in the case of TDM and FDM switching, the first repetition is from TRP0 based on TDM, the second and third repetitions are from TRP0 and TRP1 respectively based on FDM scheme, and so on. This is more complicated way to indicate a merged configuration per repetition, but can be achieved the most flexibility depending on the UE conditions. For combined schemes, this can be reasonable than dynamic switching in a perspective of indication complexity. For instance, in the case of combination of TDM and FDM, the first and second repetitions are based on FDM, the third and forth repetitions are from the next slot/mini-slot by using same TRPs and frequency resource allocation. In this case, a configuration can be based on each scheme without any change. In addition to low complexity, we believe this way can obtain better soft combining gain. 

Proposal 5:  Combined schemes, e.g., TDM + FDM, should be supported. 

CSI measurement/reporting enhancement for multi-TRP/panel transmission 
Considering that multi-TRP/panel transmission, some issues related to CSI measurement/reporting remain to be studied, for example, CSI framework, CSI reporting format, aspect of number of TRPs, etc. Basically, adding another PDSCH transmission from different TRP to a UE, which is connected with single TRP, has a benefit for eMBB and reliability/robustness transmission perspective, except for taking effective resource utilization into account. For example, for reliability PDSCH transmission case, if a UE find another TRP which can add as multi-TRP based PDSCH transmission during PDSCH transmission with single TRP, macro-diversity/micro-diversity gain from the another TRP can be achieved even if the channel condition of between UE and the another TRP is not good. Therefore, base station needs to consider that which TRP(s) applies to UE as an additional connected TRP based on UE reporting. For that reason, we need to consider at least following issues regarding CSI measurement/reporting. 

· The maximum number of supported TRPs for multi-TRP PDSCH transmission 
· Whether Rel-15 based CSI reporting format can work for activating multi-TRP/panel transmission function
· How to measure the channel conditions from different TRP independently taking inter-TRP interference into account 

First of all, for not only CSI measurement/reporting enhancement perspective but scheduling restriction, the maximum number of supported TRPs for multi-TRP PDSCH transmission should be prioritized for better progress. 

Observation 1: For enhancement on CSI measurement/reporting, at least the following issues should be specified. 
· The maximum number of supported TRPs for multi-TRP PDSCH transmission 
· Whether Rel-15 based CSI reporting format can work for activating multi-TRP/panel transmission function
· How to measure the channel conditions from different TRP independently taking inter-TRP interference into account 

Regarding the activation and deactivation of multi-TRP transmission function to a UE, reusing Release 15 based event triggering mechanism should be supported as a starting point. For example, a UE reports cell measurement results, and then, if difference between two TRPs is smaller than threshold, gNB activates and deactivates multi-TRP transmission. However, for FR2, if a UE has multiple panels and one of the multiple panels is activated for reception, there’s a possibility that the reporting results from such UE is not correct due to the other panel(s) is not activated and not included in the reporting contents. Therefore, when considering that activation and deactivation of multi-TRP transmission function, panel it is necessary to take activation of UE panel into account for transmitted beam measurement from another TRP [3]. 

Proposal 6: Support activation and deactivation of multi-TRP transmission function.  
· FFS: For FR2, whether take activation mechanism of UE-panel into account 

Conclusion
In this contribution, we discussed multi-TRP/panel transmission for reliability/robustness enhancement and CSI measurement/reporting issues. Based on the discussion, our views are summarized as follows.

Observation 1: For multi-TRP/panel transmission based URLLC, the scheme 1, 2, 3 and 4 have advantage respectively. 
Observation 2: For reliability/robustness enhancement, dynamic switching of multi-TRP/panel transmission schemes can be effective if more than one transmission scheme has specified. 
Observation 3: For enhancement on CSI measurement/reporting, at least the following issues should be specified. 
· The maximum number of supported TRPs for multi-TRP PDSCH transmission 
· Whether Rel-15 based CSI reporting format can work for activating multi-TRP/panel transmission 
· How to measure the channel conditions from different TRP independently taking inter-TRP interference into account 

Proposal 1:  The number of TCI states across PDSCH repetitions for scheme 3 and 4 is up to 4. 
Proposal 2: Whether RV order is composed by only self-decodable RV or other combination is depend on base stations configuration. 
Proposal 3: For indication of the number of repetitions, dynamic indication and higher layer configuration should be supported. 
Proposal 4:  The number of TCI states across PDSCH repetitions for scheme 2 is up to 4. 
Proposal 5:  Combined schemes, e.g., TDM + FDM, should be supported. 
[bookmark: _GoBack]Proposal 6: Support activation and deactivation of multi-TRP transmission function.  
· FFS: For FR2, whether take activation mechanism of UE-panel into account 

References
[bookmark: _Ref7102171] “3GPP TSG RAN WG1 Meeting #97 Chairman's Notes”, USA, May 13th – 17th, 2019.
[bookmark: _Ref7102191]R1-1905056, “Enhancements on Multi-TRP/panel transmission”, KDDI Corporation, RAN1#96bis
R1-1909382, “Enhancements on multi-beam operation”, KDDI Corporation, RAN1#98
- 1/2 -
