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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
There are several UE implantation on how to conduct BD for a given pair of PDCCH candidates and several options on how to count BD number were discussed. In RAN1#104bis meeting, 2 and 3 are agreed as candidate number UE reports for a linked two PDCCH candidates. There are several remaining FFS points regarding this issue. One of them is whether reporting BD number implies for UE to support soft combining. From our understanding, if UE reports 3, it is capable of combining based BD. On the other hand, if UE reports 2, two implementations with or without soft combining are possible but, considering RAN 4 test requirement, it should be decided whether the requirement for 2 BD is based on whether soft combining or not. Therefore, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
In addition, it is beneficial that, based on the UE capability, gNB indicates or confirms BD number to UE. For example, even though UE reports 3, gNB can indicate 2 in order to minimize PDCCH overbooking probability or to increase monitoring chance for other USS. In this way, gNB indicates equal or smaller BD number than what UE reports considering the tradeoff between PDCCH reliability improvement and congestion of search space sets.
Proposal 1: Considering RAN 4 test requirement for 2 BD case, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
Proposal 2: Equal or smaller BD number than what UE reports for the two linked PDCCH candidates should be configured by gNB.
Regarding how to count the number of BD for linked SS sets in case of overbooking, two alternatives are discussed in the last meeting. For Case 1 assuming 2 BD for the two linked candidates, one BD is counted for each of linked candidate in the same way as legacy. For Case 2 assuming 3 BD, Alt 1-2 (i.e., the third BD is counted as part of the SS set with higher ID) is reasonable since dropping one candidate does not affect BD count for another. We are also open for Alt 2 (i.e., both are kept or both are dropped) but we don’t need to revise SS set priority to this end. Instead, we can just drop both if one SS set of the pair is dropped. This behavior is aligned with UE implementation of combining based BD without separate BD.
Proposal 3: For overbooking in the PCell for USS with two linked SS sets in the same slot/span,
· if 2 BDs are counted for two linked candidates, one BD is counted for each of linked candidate
· if 3 BDs are counted for two linked candidates, the third BD is counted as part of the SS set with higher ID
· report whether to drop both if one SS set of the pair is dropped as UE capability
In the last meeting, whether/how to handle UE complexity / memory requirements for linked PDCCH candidates is shortly discussed. If multiple MO pairs are not interlaced, more memory is required to buffer LLR/channel of PDCCH candidates. To avoid this issue, we prefer to introduce scheduling restriction such that multiple MO pairs should be interlaced.
Proposal 4: UE does not expect multiple MO pairs for PDCCH repetition are not interlaced in a slot.
It was agreed that if TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs. It is beneficial to apply this only if PDSCH is transmitted from STRP so that both of two TCI states from the two CORESETs still can be applied for S-DCI based MTRP PDSCH transmission. As a result, even if TCI field is not present in DCI and scheduling offset is equal to or larger than timeDurationForQCL, MTRP PDSCH transmission can be supported. Without TCI field, whether PDSCH from STRP or MTRP can be known by TCI code points. Specifically, if at least one code point is configured with two TCI states, MTRP PDSCH transmission can be assumed, and, otherwise, STRP PDSCH transmission can be assumed. 
Proposal 5: If TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL,
· if at least one code point is configured with two TCI states, the two TCI states corresponding to the two CORESETs is applied for MTRP PDSCH transmission. 
· otherwise, the TCI state of the lower ID CORESET among the two CORESETs is applied for STRP PDSCH transmission
Another issue that we need to discuss is about PDSCH/PUSCH/DCI/AP-CSI processing time relaxation when corresponding PDCCH is transmitted with repetition. This is because combining based BD for the linked PDCCH candidate would likely require more processing time than normal decoding. This is not only related to PDSCH/PUSCH processing time but also related to DCI/AP-CSI processing time. For example, DCI to A/N time offset for DCI without scheduling data such as SPS PDSCH release, or AP CSI trigger DCI to PUSCH also depends on DCI decoding time. To address this issue, it is preferable to introduce a common and simple approach rather than optimizing it for each cases. One simply approach is to add X symbols to legacy requirement or Option 2 which is W.A. in the last meeting. Alternatively, given that Z value can be few symbols depending on CSI and CPU condition, we propose not to apply CSI computation delay requirement 1 corresponding to Table 5.4-1 in TS 38.214, if PDCCH repetition is applied.
[bookmark: _GoBack]Proposal 6: Introduce processing time relaxation for PDSCH/PUSCH/DCI/AP-CSI by adding X to legacy processing time, and Option 2 if W.A. is agreed.
Another issue with PDCCH repetition is how to determine two QCL type-D CORESETs in case of CORESET collision and 3 alternatives were discussed in the last meeting. In Alt 1 reusing legacy priority to select two CORESETs, sometimes UE cannot receive the two selected CORESETs at the same time because it cannot be guaranteed that UE receives those two beams simultaneously. In order to address this issue, UE needs to monitor the two CORESETs if the two beams of the CORESETs is the same as latest group based beam reporting but does not monitor otherwise. Alt 2 has no such issue because two CORESETs are selected among linked COERSETs but it is still FFS when first priority SS set is unlinked. In Alt 3, linked SS sets are considered one SS set for CORESET selection. If selected SS set is not linked based on enhanced priority order (i.e., SS type > linkage of SS sets > cell index > associated SS set ID), corresponding one QCL type-D CORESET is monitored and, otherwise, two QCL type-D CORESETs are monitored.
Proposal 7: Support Alt 3 to determine two QCL type-D CORESETs in case of CORESET collision
· if SS set which is selected based on enhanced priority order (i.e., SS type > linkage of SS sets > cell index > associated SS set ID) is not linked, corresponding one QCL type-D CORESET is monitored
· if SS sets which are selected based on enhanced priority order are linked, corresponding two QCL type-D CORESETs are monitored

Another issue is whether PDCCH repetitions are associated with different CORESET pool index. In our view, it is natural to support PDCCH repetition for M-DCI based MTRP PDSCH case and each PDCCH can be associated with different CORESET pool index. If two CORESETs for PDCCH repetition is restricted with common COREST pool index, then more CORESETs is needed to support both PDCCH repetition and M-DCI based MTRP PDSCH. For example, M-DCI based MTRP PDSCH can be supported with two CORESETs which means one CORESET per CORESET pool. However, in order to support PDCCH repetition additionally with common COREST pool index restriction, three CORESETs is needed which means two CORESET in one CORESET pool for PDCCH repetition and one CORESET in the other CORESET pool for M-DCI based MTRP PDSCH.
Proposal 8: Support different CORESET pool index association for CORESETs for PDCCH repetition.
In the last meeting, whether to support PDCCH repetition for CSS was discussed and Type 3 CSS repetition was agreed to be supported. Unlike Type 3 CSS, it does not seem straightforward to apply PDCCH repetition for the other CSS types. There are some cases that the CSS types is used before RRC connected or RRC disconnected or in idle state. Since PDCCH repetition can be applied with proper RRC signaling such as SS set linkage, it is hard to apply repetition for Type 0/0A/1/2 CSS and additional specification work is needed. Given that we have one more meeting to finalize Rel-17, we should focus on USS and discuss many remaining issues to complete PDCCH repetition for USS.
Proposal 9: deprioritize PDCCH repetition enhancement for Type 0/0A/1/2 CSS.
UE capability on whether the individual candidate is monitored or not is FFS, when one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate. As we discussed in Proposal 2 above, gNB finally configures the number of BD for linked candidate based on UE capability and this configuration can determine whether the individual candidate is monitored or not. For example, if UE reports 2 BD or UE reports 3 BD and gNB configures 2 BD, then individual candidate is not monitored considering combining based BD implementation. On the other hand, if gNB configures 3 BD, individual candidate is monitored since UE conducts separate BD for each of linked candidate in case of 3 BD.
Proposal 10: when one of the linked PDCCH candidates uses the same CCE/CORESET/DCI size/scrambling as an individual PDCCH candidate, UE does not monitor the individual candidate if 2 BD is configured by RRC. If 3 BD is configured by RRC, UE can monitor the individual candidate.

PUSCH reliability enhancement using multi-TRP
For PTRS-DMRS association for rank > 2, the same approach as rank=2 can be applied. It means MSB 1 bit and LSB 1 bit indicate PTRS-DMRS association for TRP 1 and for TRP 2, respectively. For example, if maxNrofPorts = 1 and rank = 3 or 4, for each TRP, 1 bit indicates one of the first two DMRS ports so that gNB can avoid associating PTRS with worst DMRS port among 3 DMRS ports. Similarly, if maxNrofPorts = 2 and rank = 3 (or 4), for each TRP, 1 bit indicates one of two DMRS ports sharing the same PTRS port (or PTRS port 0 for rank = 4). Alternatively, association field can be extended with 4 bits with full association flexibility. Even though we don’t see the strong need for such optimization for high rank transmission in FR2, it can be considered if RRC signaling to configure PTRS-DMRS association field size between 2 or 4 bits is introduced. 
Proposal 11: For TRP specific PTRS-DMRS association for rank > 2, support one of the following options:
· Option 1: 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
· Option 2: 2nd PTRS-DMRS association field for the second TRP can be configured by RRC
· If not configured, legacy PTRS-DMRS association field is used for both TRPs.

According to current specification, initial transmission for CG PUSCH repetition for RV pattern 0231 is only possible in the first transmission occasion among N repetition occasion. As a result, gNB can conduct blind detection of existence of initial transmission only in the first transmission occasion among N repetition, which requires lower complexity than blind detection in every transmission occasion. However, it can increase latency when UL data is arrived after the first occasion. This potential latency can be reduced in case of MTRP CG PUSCH repetition by allowing initial transmission at not only the first transmission occasion of TRP 1 but also the first transmission occasion of TRP 2. Unlike STRP repetition case, this may not increase BD complexity since each TRP can perform BD independently.
Proposal 12: For MTRP PUSCH transmission, the same number of SRS resource is configured in the two SRS resource sets.
It is FFS whether frequency hopping is performed among the repetitions with the same beam. If frequency hopping is applied without consideration of beam mapping, each TRP cannot achieve frequency hopping gain at all. For example, in case of MTRP PUSCH repetition type A with cyclic beam mapping and inter-slot frequency hopping, the first beam is applied on only first frequency hop and the second beam is applied on only second frequency hop. As a result, each TRP receives PUSCH without frequency hopping. To achieve both beam diversity and frequency hopping gain, sequential beam mapping and inter-slot frequency hopping can be applied but it can increase latency due to sequential beam mapping in blockage scenario.
Proposal 13: Frequency hopping should be performed among the repetitions with the same beam.
In addition to PUSCH repetition scheme, TDM based single PUSCH scheme without repetition can be considered. 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. With this scheme, dynamic switching between intra-slot MTRP PUSCH transmission with low latency and Type A repetition is possible with dynamic indication of repetition number.
Proposal 14: single PUSCH transmission with beam hopping can be considered, additionally. 
PUCCH reliability enhancement using multi-TRP
On the other hand, intra-slot beam hopping, i.e., scheme 2, can be discussed separately with IIoT/URLLC WI. Inter-slot MTRP PUCCH repetition increases latency so intra-slot beam hopping PUCCH can be considered for both low latency and high reliability in which different OFDM symbols of a single PUCCH resource 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 15: Support intra-slot beam hopping (scheme 2) for both low latency and high reliability.
It was agreed to support single PUCCH resource with multiple spatial relation info for MTRP PUCCH transmission. However, utilizing single PUCCH resource has a limitation on scheduling flexibility such as the same frequency/time resource allocation for repetition. If multiple PUCCH resources are also supported for MTRP transmission, flexible resource mapping can be done at gNB. 
Proposal 16: For MTRP PUCCH transmission, consider configuration of multiple PUCCH resources, 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: Considering RAN 4 test requirement for 2 BD case, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
Proposal 2: Equal or smaller BD number than what UE reports for the two linked PDCCH candidates should be configured by gNB.
Proposal 3: For overbooking in the PCell for USS with two linked SS sets in the same slot/span,
· if 2 BDs are counted for two linked candidates, one BD is counted for each of linked candidate
· if 3 BDs are counted for two linked candidates, the third BD is counted as part of the SS set with higher ID
· report whether to drop both if one SS set of the pair is dropped as UE capability
Proposal 4: UE does not expect multiple MO pairs for PDCCH repetition are not interlaced in a slot.
Proposal 5: If TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL,
· if at least one code point is configured with two TCI states, the two TCI states corresponding to the two CORESETs is applied for MTRP PDSCH transmission. 
· otherwise, the TCI state of the lower ID CORESET among the two CORESETs is applied for STRP PDSCH transmission
Proposal 6: Introduce processing time relaxation for PDSCH/PUSCH/DCI/AP-CSI by adding X to legacy processing time, and Option 2 if W.A. is agreed.
Proposal 7: Support Alt 3 to determine two QCL type-D CORESETs in case of CORESET collision
· if SS set which is selected based on enhanced priority order (i.e., SS type > linkage of SS sets > cell index > associated SS set ID) is not linked, corresponding one QCL type-D CORESET is monitored
· if SS sets which are selected based on enhanced priority order are linked, corresponding two QCL type-D CORESETs are monitored
Proposal 8: Support different CORESET pool index association for CORESETs for PDCCH repetition.
Proposal 9: deprioritize PDCCH repetition enhancement for Type 0/0A/1/2 CSS.
Proposal 10: when one of the linked PDCCH candidates uses the same CCE/CORESET/DCI size/scrambling as an individual PDCCH candidate, UE does not monitor the individual candidate if 2 BD is configured by RRC. If 3 BD is configured by RRC, UE can monitor the individual candidate.
PUSCH enhancement: 
Proposal 11: For TRP specific PTRS-DMRS association for rank > 2, support one of the following options:
· Option 1: 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
· Option 2: 2nd PTRS-DMRS association field for the second TRP can be configured by RRC
· If not configured, legacy PTRS-DMRS association field is used for both TRPs.
Proposal 12: For MTRP PUSCH transmission, the same number of SRS resource is configured in the two SRS resource sets.
Proposal 13: Frequency hopping should be performed among the repetitions with the same beam.
Proposal 14: single PUSCH transmission with beam hopping can be considered, additionally. 
PUCCH enhancement: 
Proposal 15: Support intra-slot beam hopping (scheme 2) for both low latency and high reliability.
Proposal 16: For MTRP PUCCH transmission, consider configuration of multiple PUCCH resources, additionally.
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