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Introduction
Rel-15/16 PUSCH/PUCCH repetition in time domain for single TRP is supported and PDCCH reliability enhancement from single TRP was discussed in Rel-16. In this contribution, we discuss reliability enhancement and robustness using multi-TRP for PDCCH/PUSCH/PUCCH. 
Discussion
PDCCH reliability enhancement using multi-TRP
[bookmark: _GoBack]There are several potential PDCCH transmission schemes using multi-TRP depending on the number of decoding chance for DCI scheduling the same PDSCH/PUSCH or containing the same multicast information and the multiplexing domain such as time/frequency/spatial or SFN-like. In this section, we discuss those schemes and following issues one by one.
· Multi-chance PDCCH scheme
Firstly, multiple DCI scheduling the same PDSCH/PUSCH or containing the same multicast information can be transmitted by multiple TRP so that UE has multi-chance to receive the scheduling information. Depending on multiplexing domain, it can be TDM/FDM/SDM based multi-chance PDCCH. 
· TDM based multi-chance PDCCH scheme
For TDM based multi-chance PDCCH, multiple DCIs scheduling the same PDSCH/PUSCH or containing the same multicast information are transmitted in different time domain transmission occasion (i.e., TO), which can be defined by inter-slot or intra slot. Since multiple TRPs transmit the PDCCH in different TO, gNB should be able to configure different TCI states for those TOs. To this end, a single CORESET associated with multiple TCI states and a single search space set can be configured. In addition, monitoring occasions of the search space set can be used for multi-chance PDCCH TOs. Alternatively, multiple CORESETs associated with different TCI states and multiple search space sets can be configured. In this case, one CORESET and one search space set are used to receive DCI from TRP 1 and another CORESET and search space set pair are used to receive DCI from TRP 2.
TDM based multi-chance PDCCH can be further classified depending on whether combining is used at UE side. If soft/hard combining is used, UE should be aware of a group of TOs for MTRP PDCCH transmission. Specifically, UE needs to buffer LLR of PDCCH candidate at TO 1 to N-1 and combine them with LLR at TO N. Also, it has an impact on the number of blind detection and complexity. For example, if TRP 1 and TRP 2 transmit PDCCH in TO 1 and TO 2, respectively, UE may conduct blind detection in each TO independently and conduct blind detection with combining for TO 1 and TO 2 additionally. Furthermore, blind detection with combining may require higher complexity so that it increases DCI decoding time. On the other hand, if combining is not used, UE simply conduct blind detection in each TO independently. In this case, DCI payload bits transmitted in each TO can be different even though the DCI contains the same scheduling information. For example, K0, K2 or AP CSIRS slot offset may be determined based on TO where each DCI is transmitted.
· FDM based multi-chance PDCCH scheme
For FDM based multi-chance PDCCH, multiple DCIs scheduling the same PDSCH/PUSCH or containing the same multicast information are transmitted in different frequency domain transmission occasion (i.e., TO). Since multiple TRPs transmit the PDCCH in different TO, gNB should be able to configure different TCI states for those TO. To this end, a single CORESET associated with multiple TCI states and a single search space set can be configured. For example, in the same monitoring occasion of the search space set, even numbered PDCCH candidates are associated to one TCI state and odd numbered PDCCH candidates are associated to another TCI state. Alternatively, multiple CORESETs associated with different TCI states and multiple search space set can be configured. In this case, one CORESET and one search space set are used to receive DCI from TRP 1 and another CORESET and search space set pair are used to receive DCI from TRP 2. The two CORESETs are non-overlapped in frequency domain and the two search space set shares the same monitoring occasion.
If UE conducts combining for multi-chance PDCCH, similar issues are found as we mentioned in TDM based multi-chance PDCCH, e.g., how to group PDCCH candidates for combining, the number of BD, and BD complexity. If combining is not applied, UE blindly detects each PDCCH candidates independently without those issues. 
Since UE should be able to receive PDCCH from different TRP at the same time, UE should be capable of using two Rx beams simultaneously in FR 2. Otherwise, UE cannot receive FDM based MTRP PDCCH. On the other hand, TDM based scheme can be used even if UE does not have 2 Rx beam capability. 
· SDM based multi-chance PDCCH scheme
For SDM based multi-chance PDCCH, multiple DCIs scheduling the same PDSCH/PUSCH or containing the same multicast information are transmitted in different DMRS port. As a result, multiple DMRS ports for PDCCH needs to be designed. Also, unlike FDM/TDM, there may be inter-layer interference if beam separation from multi-TRP is not perfect, which decreases reliability.
· A single PDCCH scheme
Secondly, we can consider single PDCCH scheme, in which multiple TRPs transmit different part of coded bits of a single DCI. Unlike multi-chance PDCCH scheme, UE receives DCI once but a fraction of DCI from TRP 1 and remains from TRP 2. Depending on multiplexing domain, it can be TDM/FDM/SDM based single PDCCH. 
· TDM based single PDCCH scheme
For TDM based single PDCCH, multiple TRPs transmit different OFDM symbols of a PDCCH candidate. As a result, multiple TRPs transmit different part of coded bits of a DCI in different symbols. This scheme has an impact on REG bundle since REG bundle should be defined per symbol group corresponding to each TRP. 
In order to configure different TCI states for those symbols, a single CORESET associated with multiple TCI states and a single search space set can be configured. For example, in a monitoring occasion of the search space set, PDCCH candidates with 2 symbols are configured and 1st symbol is associated to one TCI state and 2nd symbol is associated to another TCI state for each PDCCH candidate.
· FDM based single PDCCH scheme
For FDM based single PDCCH, multiple TRPs transmit different CCE/REG of a PDCCH candidate. As a result, multiple TRPs transmit different part of coded bits of a DCI in different CCE/REG. 
In order to configure different TCI states for CCE/REG of a PDCCH candidate, a single CORESET associated with multiple TCI states and a single search space set can be configured. For example, in a monitoring occasion of the search space set, PDCCH candidates with aggregation level 8 are configured and even numbered CCE/REG is associated to one TCI state and odd numbered CCE/REG is associated to another TCI state for each PDCCH candidate.
Since UE should be able to receive PDCCH from different TRP at the same time, UE should be capable of using two Rx beams simultaneously in FR 2. On the other hand, TDM based scheme can be used even if UE does not have 2 Rx beam capability. 
· SDM based single PDCCH scheme
Similar with SDM based multi-chance PDCCH scheme, as we mentioned above, there are some issues related to multiple DMRS ports and inter-layer interference to support this scheme.
· Single PDCCH scheme in the same time/frequency/spatial resource (i.e., SFN based enhancement)
According to current specification, SFN based PDCCH transmission is not efficiently supported although it may be possible in spec transparent manner by configuring a QCL reference RS which MTRP transmit at the same time. However, in this case channel estimation performance can de degraded since Doppler characteristic derived from the QCL reference RS is not accurate. For example, Doppler offset from TRP 1 and from TRP 2 are averaged from SFNed QCL RS so that UE cannot estimate correct Doppler characteristic and uses sub-optimal channel filter. In addition, this approach would require additional SFNed periodic RSs for each possible MTRP combination from gNB perspective so that it increases RS overhead. In order to enhance channel estimation performance and PDCCH reliability, multiple QCL source RSs corresponding to multiple TRPs need to be configured for a single DMRS port. This SFN based enhancement can be considered not only in HST scenario but also in general MTRP scenario.
Proposal 1: TDM based MTRP PDCCH scheme should be supported with priority and FDM based scheme or SFN based enhancement can be considered additionally.
Proposal 2: Support 2 TCI states configuration/activation for a single CORESET for MTRP PDCCH scheme.
Proposal 3: For multi-chance PDCCH scheme, the scheme without combining can be considered with priority if additional gain from soft combining is not fully justified, taking into account UE complexity and specification impact.
Proposal 4: For a single PDCCH scheme, both SFN based enhancement and FDM based MTRP transmission can be considered. 

PUSCH reliability enhancement using multi-TRP
PUSCH repetition for reliability enhancement is supported in Rel-16 but it has a limitation that those repeated PUSCH are scheduled for single TRP. To extend this PUSCH repetition for MTRP transmission, each of the repeated PUSCH should be scheduled with consideration of different TRP. Specifically, among several TRP specific scheduling parameters, at least TA, power control parameters, PMI and spatial relation RS should be configured differently for different transmission occasion. Since UE to TRP distance is different, different TA should be applied in TO for TRP 1 and TO for TRP 2. Also, UL channel in TO for TRP 1 and TO for TRP 2 is different so path loss RS, other OL/CL power control parameters, PMI and spatial relation RS should be separated. 
Proposal 5: For MTRP PUSCH transmission, at least TA, power control parameters, PMI and spatial relation RS should be configured separately for different transmission occasion.
There are several potential PUSCH transmission schemes using multi-TRP depending on repetition and T/F/S multiplexing domain. We discuss those schemes and following issues one by one.
· TDM based PUSCH repetition scheme
Current specification supports inter/intra-slot PUSCH repetition toward single TRP, so it is desirable to extend this repetition scheme to MTRP. To this end, TRP specific scheduling parameters should be configured separately for different transmission occasion. Also, we can consider TRP to TO mapping in the similar way as Rel-16 MTRP PDSCH repetition. 
Proposal 6: Extend Rel-15/16 TDM based PUSCH repetition scheme for MTRP PUSCH enhancement. 
· TDM based single PUSCH scheme
For TDM based single PUSCH, different OFDM symbols of a single PUSCH are transmitted toward different TRPs. For example, 10 symbol PUSCH is scheduled and 1st to 5th symbols are transmitted through beam/panel toward TRP 1 and the remains are through beam/panel toward TRP 2. As a result, different parts of coded bits of TB/UCI are transmitted to different TRP in different symbols. In order to estimate UL channel for TRP 1 and TRP 2, separately, DMRS symbol(s) for TRP 1 and TRP 2 should be configured separately. To this end, Rel-16 DMRS pattern for frequency hopping can be reused. 
Proposal 7: TDM based single PUSCH scheme can be considered, additionally. 
· FDM/SDM based MTRP PUSCH transmission scheme
If FDM/SDM is used for MTRP PUSCH transmission, there could be coverage issue since UE transmission power is divided for multiple TRPs. Also, UE should be capable of STxMP in FR2. 
Another aspect we need to consider is whether UL grant DCI for MTRP PUSCH transmission is single or multiple. If single DCI schedules PUSCH repetition, the DCI should indicate multiple power control parameters, TPMI and SRI for multiple TRPs. DCI field design should be considered with DCI overhead and scheduling flexibility. Alternatively, given increasing overhead for separate precoder indication for TRP 1 and TRP 2, precoder cycling can be considered. In case of multiple DCI based PUSCH repetition, UE should be aware of those DCI schedule independent PUSCH or repeated PUSCH containing the same TB/UCI. To this end, it can be implicitly indicated by HARQ process ID such that the 2 DCIs indicate the same HARQ process ID before the 1st PUSCH transmission among repeated PUSCHs. 
Proposal 8: Support S-DCI based MTRP PUSCH transmission and M-DCI based MTRP PUSCH transmission can be additionally considered.

PUCCH reliability enhancement using multi-TRP
PUCCH repetition for single TRP is supported in Rel-15 as slot-level aggregation. To extend this PUCCH repetition for MTRP transmission, each of the repeated PUCCH should be scheduled with consideration of different TRP. Specifically, at least TA, power control parameters and spatial relation RS should be configured differently for different transmission occasion.
Proposal 9: For MTRP PUCCH transmission, at least TA, power control parameters and spatial relation RS should be configured separately for different transmission occasion.
There are several potential PUCCH transmission schemes using multi-TRP depending on repetition and T/F/S multiplexing domain. We discuss those scheme and following issues one by one.
· TDM based PUCCH repetition scheme
Current specification supports inter-slot PUCCH repetition for single TRP, so it is desirable to extend this repetition scheme for MTRP transmission. To this end, TRP specific scheduling parameters should be configured separately for different transmission occasion. Also, common approach to determine TRP to TO mapping can be considered for MTRP PUCCH/PUSCH transmission scheme.
Proposal 10: Extend Rel-15 TDM based PUCCH repetition scheme for MTRP PUCCH enhancement. 
· TDM based single PUCCH scheme
Inter-slot MTRP PUCCH repetition increases latency so TDM based single PUCCH scheme can be considered for both low latency and high reliability. For TDM based single PUCCH, different OFDM symbols of a single PUCCH are transmitted toward different TRPs. For example, 10 symbol PUCCH is scheduled and 1st to 5th symbols are transmitted to TRP 1 and the remains are to TRP 2. As a result, different parts of coded bits of UCI are transmitted to different TRP in different symbols.. In order to estimate UL channel for TRP 1 and TRP 2, separately, DMRS symbol(s) for TRP 1 and TRP 2 should be configured separately. To this end, Rel-16 DMRS pattern for frequency hopping can be reused. 
Proposal 11: TDM based single PUCCH scheme can be considered for both low latency and high reliability, additionally. 

Conclusion
In this contribution, we discuss reliability enhancement and robustness using multi-TRP for PDCCH/PUSCH/PUCCH and propose the followings. 
PDCCH enhancement: 
Proposal 1: TDM based MTRP PDCCH scheme should be supported with priority and FDM based scheme or SFN based enhancement can be considered additionally.
Proposal 2: Support 2 TCI states configuration/activation for a single CORESET for MTRP PDCCH scheme.
Proposal 3: For multi-chance PDCCH scheme, the scheme without combining can be considered with priority if additional gain from soft combining is not fully justified, taking into account UE complexity and specification impact.
Proposal 4: For a single PDCCH scheme, both SFN based enhancement and FDM based MTRP transmission can be considered.
PUSCH enhancement: 
Proposal 5: For MTRP PUSCH transmission, at least TA, power control parameters, PMI and spatial relation RS should be configured separately for different transmission occasion.
Proposal 6: Extend Rel-15/16 TDM based PUSCH repetition scheme for MTRP PUSCH enhancement. 
Proposal 7: TDM based single PUSCH scheme can be considered, additionally. 
Proposal 8: Support S-DCI based MTRP PUSCH transmission and M-DCI based MTRP PUSCH transmission can be additionally considered.
PUCCH enhancement: 
Proposal 9: For MTRP PUCCH transmission, at least TA, power control parameters and spatial relation RS should be configured separately for different transmission occasion.
Proposal 10: Extend Rel-15 TDM based PUCCH repetition scheme for MTRP PUCCH enhancement. 
Proposal 11: TDM based single PUCCH scheme can be considered for both low latency and high reliability, additionally. 
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