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Introduction
In the RAN1#98bis meetings, multi-TRP/panel enhancements for eMBB and URLLC were discussed and some agreements were made [1]. 
In this contribution, we discuss the remaining issues on multi-TRP/panel transmission in Rel-16, including the multi-TRP/panel enhancement for non-coherent joint transmission and multi-TRP enhancement for URLLC.

Multi-TRP/panel enhancement for non-coherent joint transmission 
Single PDCCH based multi-TRP/Panel transmission
For single PDCCH based multi-TRP/panel transmission, the following agreements were made in the RAN1#98bis meeting [1]:
	Agreement:
· For single-PDCCH based multi-TRP/Panel transmission, the number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled.
Agreement:
· Capture the following in the reply LS to RAN2 on single PDCCH based mTRP operation. LS is endorsed in R1-1911550.
· For question 1 from RAN2
· Answer: From RAN1 perspective, MAC CE based enhancement is preferred so that the pairing of the TCI states can be flexible. Each TCI state can be dynamically paired with another TCI state, assuming dynamic here means pairing via MAC-CE. From RAN1 perspective, some restrictions on pairing may be introduced but this will not impact RAN2 work.
· For question 2 from RAN2, the following agreement has been made. To be used as answer of question 2
Agreement
· The maximum number of activated TCI states in mTRP operation is 8. The number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled. The total number of simultaneously activated TCI states is up to 8.
Agreement
· When 2 TCI states are indicated by a TCI code point, for DMRS type 1 and type 2 for eMBB and URLLC scheme-1a, if indicated DMRS ports are from two CDM groups, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.
Agreement
· For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data
Agreement
· Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  
· RRC signalling is used to configure the two PTRS ports
· Note that whether supporting two PTRS ports is subject to UE capability
· FFS: Applicability for other cases


TCI state enhancement for multiple PDSCHs
The illustration of single PDCCH based multi-TRP/panel transmission is shown in Fig. 2-1.
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Fig. 2-1 Single PDCCH based multi-TRP/panel transmission
For ideal backhaul or low latency backhaul, a single PDCCH can be used to dynamically indicate the related parameters for the transmission from different TRPs/panels. In the previous meetings, we have agreed that MAC CE based enhancement is preferred. However, it’s still not clear whether the maximum number of RRC configured TCI states needs to be increased. Since it will impact the MAC CE design, e.g., how many bits are needed to indicate the TCI-StateId, RAN1 needs to conclude this and inform it to RAN2. 
Basically, we don’t see the need to increase it. The maximum number of RRC configured TCI states in Rel.15 is sufficient for multiple TRPs. Besides, increasing the maximum number of RRC configured TCI states would increase the MAC CE overhead and have additional RRC impact. For example, if the maximum number of RRC configured TCI states is increased, e.g., to 256. One way is the TCI-StateId can be 0~255. In this case, 8-bit will be needed for TCI state indication while Rel-15 MAC CEs used only 7-bit for TCI-StateId. Another way is that TCI-StateId is still 0~127 per TRP, in this case, an addition parameter (e.g., TPR index) should be indicated together with TCI-StateID. Considering the above, there is no need to increase the maximum number of RRC configured TCI states. 
Proposal 2-1:
· For single PDCCH design for eMBB, the maximum number of RRC configured TCI states is the same as Rel.15.
Default QCL assumption
In Rel.15, a single default QCL assumption is defined for the following two cases:
· [bookmark: _Hlk23949285]Case 1: If the tci-PresentInDCI is not configured and the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL;
· Case 2: If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL.
For case 1, if Rel.15 behavior is reused, it means tci-PresentInDCI should be always configured in order to support multiple TRP operation which will result in 3-bits DCI overhead increase. However, considering that multiple TRPs are not used for coverage limited UEs, the 3 bits DCI increase is not a big problem. Therefore, there is no need to enhance the default QCL assumption for case 1.
For case 2, the situation is quite different. In Rel.15, the minimum beam switching time for 120kHz SCS is 14 symbols, i.e., the DCI based beam indication is only applicable for cross-slot scheduling. However, the performance test for cross-slot scheduling was not specified in RAN4. Therefore, default QCL assumption is always assumed in Rel.15. In order to support multiple TRP operation in FR2, it is necessary to support two default QCL assumptions in Rel.16. Of course, this doesn’t mean UE has to always assume two default QCL assumptions in Rel.16. In order to improve the system performance and save UE power, it is good to allow switching between single TRP and multiple TRPs for default QCL assumptions. For single PDCCH based multiple TRP operation, it was agreed to support MAC-CE enhancement to map one or two TCI states for a TCI code point. Therefore, one promising way is to switch between single TRP and multiple TRPs based on the number of TCI states in the lowest TCI codepoint activated by MAC CE. 
Another issue is how to define the default QCL assumptions for the DMRS ports of PDSCHs from different TRP/panel if multiple TRP operation is indicated.
In Rel.15, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot. To define two default QCL assumptions for multiple TRP/panel transmission, the following options can be considered:
· Option 1: For the 1st TRP/panel, the default QCL assumption is determined based on the TCI state of the lowest CORESET in the latest slot (the same as Rel. 15); for the 2nd TRP/panel, the default QCL assumption is determined based on the 2nd TCI state in the lowest TCI codepoint activated by MAC CE. An example is given in Fig.2-2.
· Option 2: For the 1st TRP/panel, the default QCL assumption is determined based on the TCI state of the lowest CORESET in the latest slot (the same as Rel. 15); for the 2nd TRP/panel, the default QCL assumption is determined based on the 2nd TCI state in the lowest TCI codepoint among TCI codepoint(s) containing the Rel-15 default TCI-state. An example is given in Fig.2-3.
· Option 3: For the 1st TRP/panel, the default QCL assumption is determined based on the TCI state of the lowest CORESET in the latest slot (the same as Rel. 15); for the 2nd TRP/panel, the default QCL assumption is determined based on the 2nd TCI state with the lowest TCI state ID activated by MAC CE. An example is given in Fig.2-4.
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Fig.2-2: Example for option 1.
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Fig.2-3: Example for Option 2
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Fig.2-4: Example for option 3
Among the above three options, option 1 is a super set of option 2 and option 3. For example, by mapping the TCI states including Rel.15 default TCI state in the lowest TCI codepoint, option 1 is the same as option 2; and also by mapping the TCI states including the lowest TCI state ID in the lowest TCI codepoint, option 1 is the same as option 3. In addition, for option 2, the benefit is to ensure that two default TCI-states are mapped to the same TCI codepoint. However, it is possible Rel.15 default TCI state is not included in the activated TCI states, in which case, option 1 gives gNB an opportunity to perform multiple TRP operation if one of the activated TCI state can be paired with the Rel.15 default TCI state. Actually, if gNB is smart enough, gNB can ensure the 2nd TCI state in the lowest TCI codepoint to be paired with the Rel.15 default TCI state. For option 3, the benefit is not clear.
Based on the above analysis, we have the following proposal:
Proposal 2-2:
· For single-PDCCH based multi-TRP/panel transmission, 
· if tci-PresentInDCI is not configured, UE always assume single default QCL assumption based on Rel.15 rule;
· if tci-PresentInDCI is configured, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL,
· UE assumes single default QCL assumption based on Rel.15 rule if one TCI state is activated within the lowest TCI codepoint;
· UE assumes two default QCL assumptions based on the following rule if two TCI states are activated within the lowest TCI codepoint:
· For the 1st TRP/panel, the UE assumes the DMRS ports of the PDSCH corresponding to the TRP are quasi co-located with the RS(s) with respect to the QCL parameter(s) of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot; 
· For the 2nd TRP/panel, the UE assumes the DMRS ports of the PDSCH corresponding to the TRP are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the 2nd TCI states in the lowest TCI codepoint activated by MAC CE.
PT-RS enhancement
In the RAN1#98bis meeting, it was agreed to support two PTRS ports for single-PDCCH based multi-TRP/panel transmission whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively. However, the above only defines the UE behavior when two PTRS ports are configured and when two TCI states are indicated. The UE behavior is not clear for the following two cases:
· Case 1: One PT-RS port is configured while two TCI states are indicated;
· Case 2: two PT-RS ports are configured while one TCI state is indicated.
For case 1, single PTRS is configured, it is not possible to support multiple TRP operation considering the phase error for different TRPs is usually different. With such understanding, case 1 can be avoided by gNB. Therefore, case 1 can be treated as error case. For case 2, to support dynamic switch between single TRP and multiple TRP, it is possible that two PTRS ports are configured while one TCI state is indicated. In this case, UE can simply assume the first PTRS port is used and the first PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the indicated TCI state.
Proposal 2-3:
· For single PDCCH based multi-TRP/panel transmission, 
· If one PT-RS is configured, two TCI states are indicated, UE treat it as error case;
· If two PT-RSs are configured, and one TCI state is indicated, UE shall only receive the first PT-RS port and the first PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the indicated TCI state.
2.1.4 Rate matching enhancement
In the RAN1#98 meeting, it was agreed to extend lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell for multiple PDCCH based multi-TRP/panel transmission. Whether this can be applied for single PDCCH based multi-TRP/panel transmission is FFS. In our view, rate matching is the same regardless of single PDCCH based multiple TRP/panel transmission or multiple PDCCH based multiple TRP/panel transmission. Therefore, the configured multiple CRS patterns also apply for single PDCCH based operation. Another issue is whether the PDSCH transmitted by a TRP should be rate matched around only one CRS pattern or around multiple CRS patterns. For the former case, if the PDSCH is rate matched around one CRS pattern per TRP, the association between CRS patterns and TRP should be defined. For the latter case, the PDSCH for one TRP will be rate matched around the multiple CRS patterns. In this case, association between CRS pattern and TRP is not needed, but overhead is large. For single PDCCH based multi-TRP/panel transmission, considering that the TRP is transparent for UE, it is not clear how to associate the CRS pattern with a TRP. Therefore, we have the following proposal:
Proposal 2-4:
· For single PDCCH based multiple TRP/panel transmission, multiple CRS patterns can be configured.
· Rate matching is performed around the multiple CRS patterns per PDSCH.
Multiple PDCCH based multi-TRP/Panel transmission
For multiple PDCCH based multi-TRP/panel transmission, the following agreements were made in the RAN1#98bis meeting [1]:
	Agreement
The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1:M], 
· M=1
Agreement
The gNB can configure UE to use Rel-15 BD/CCE limits regardless of UE capability signalling on BD/CCE limit enhancement
· FFS: Whether RRC signalling is needed
Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.
Conclusion
For the purpose of identifying a DL serving cell used for multi-DCI based multi-TRP transmission, there is no consensus to introduce a new RRC parameter.
Agreement
In case higher layer index per CORESET is configured, 
· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Agreement
At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

RAN1#98b
Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signalling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs
FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.
Agreement
For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  
· DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET
· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET
· FFS: Details on association

Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP.


PDCCH enhancement
The illustration of multiple PDCCH based multi-TRP/panel transmission is shown in Fig. 2-4.
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Fig. 2-5 Multiple PDCCH based multi-TRP/panel transmission
PDCCH overbooking
In the email discussion [98-NR-19], the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission was discussed and the following was agreed:
· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213.
This means the maximum number of monitored PDCCH candidates and non-overlapped CCEs per TRP would be defined. However, the Rel.15 PDCCH overbooking handling is only based on the BD/CCE limit per serving cell. 
In this case, the UE behavior is not clear when a USS is over the BD/CCE limit per TRP but within the BD/CCE limit per serving cell. Following Rel.15 rule, for USS on Pcell, UE shall map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher SS set ID. And if all candidates in a SS set cannot be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped). However, this is not applicable for multiple TRPs, since each search space set is associated with a CORESET thus associated with a TRP. So for multiple TRPs, the PDCCH overbooking handling for one TRP should not impact the PDCCH overbooking handling in another TRP. One possible enhancement is to further define the PDCCH mapping/dropping rule based on the BD/CCE limit per TRP. That is, for USS on Pcell, UE shall map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher SS set ID. If all candidates in a SS set can’t be mapped based on the BD/CCE limit per TRP, any candidates in the SS set and in any subsequent SS sets associated with the CORESETs configured for same TRP/higher layer index are dropped (not mapped); If all candidates in a SS set can’t be mapped based on the BD/CCE limit per serving cell, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped).
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Fig.2-6: An example on search space configuration for multiple TRPs
Fig.2-6 gives an example on the search space configuration for multiple TRPs. USS#6 and USS#7 are associated with CORESET#3 which is configured for TRP#1; USS#8, USS#9 and USS#10 are associated with CORESET#4 which is configured for TRP#2. Assuming the BD/CCE limit per TRP is X and the BD/CCE limit per serving cell is Y, where X <=Y. Based on the above rule, UE shall map all PDCCH candidates based on increasing order of SS set IDs, i.e., USS#6>USS#7>USS#8>USS#9>USS#10. If all PDCCH candidates in USS#6 is within the BD/CCE limit per TRP and per serving cell, all PDCCH candidates in USS#6 are mapped. If all PDCCH candidates in USS#7 cannot be mapped due to the BD/CCE limit per TRP, UE shall drop all PDCCH candidates in the USS#7 and in any subsequent USSs associated with TRP#1. For USS#8, if all PDCCH candidates in USS#8 is within the BD/CCE limit per serving cell, UE can still perform PDCCH mapping for the PDCCH candidates in USS#8 since USS#8 is associated with TRP#2.

Proposal 2-5:
· For multiple PDCCH based multi-TRP/panel transmission, support the following PDCCH overbooking rule:
· For USS on Pcell, UE maps all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID
· If all candidates in a USS set can’t be mapped based on BD/CCE limit per TRP, any candidates in the USS set and in any subsequent SS sets associated with the CORESETs configured for same TRP/higher layer index are dropped (not mapped); 
· If all candidates in a USS set can’t be mapped based on BD/CCE limit per serving cell, any candidates in the USS set and in any subsequent SS sets are dropped (not mapped).
Radio link monitoring
For multi-PDCCH based multi-TRP transmission, the maximum number of CORESETs per “PDCCH-config” is increased to 5, according to UE capability. In Rel.15, when the UE is not provided RadioLinkMonitoringRS, the UE decides the RLM RS based on the RS provided for the active TCI state for PDCCH reception. The TRP information is not considered in RLM RS determination, hence if the UE determined RLM RS(s) based on Rel-15 rule, the RLM RSs may come from either TRP or from two TRPs randomly, which is not reasonable for multiple PDCCH based multiple TRP transmission. Even in multi-TRP operation, the UE has RRC connection to only one TRP, therefore, the RLM RS can be associated with this TRP only. So UE can determine the RLM RS based on the CORESETs associated with a specific higher layer index. One simple way is to use the CORESETs associated with the lowest higher layer index.

Proposal 2-6:
· If UE is not provided RadioLinkMonitoringRS, the UE determines the RLM RS based on the RS provided for the active TCI states for PDCCH reception in CORESETs associated with the lowest higher layer index.
· Within the CORESETs associated with the lowest higher layer index, same down-selection rule as Rel.15 is reused.
Resource allocation for multiple PDSCHs
PDSCH mapping type from two co-scheduled PDSCHs
In the RAN1#96b meeting, resource allocation for multiple PDSCHs for multiple PDCCH based transmission was discussed and related agreements were made. PDSCH mapping type from two co-scheduled PDSCHs is still FFS. Considering that the required restriction of DMRS from multiple TRPs may be different for different PDSCH mapping types, it is simpler to support the same PDSCH mapping type as a starting point. At least PDSCH type A + PDSCH type A from multiple TRPs can be supported. Whether to support other PDSCH type combinations can be further discussed.
Proposal 2-7:
· For multiple PDCCH design for eMBB, support the same PDSCH mapping type (PDSCH Type A+ PDSCH Type A) for co-scheduled PDSCHs as starting point.
Active BWP for multiple TRPs
In Rel-15, two BWP switching methods, i.e., DCI-based BWP switching and timer-based BWP switching, are supported. For multiple PDCCH based multi-TRP/panel transmission, it has been agreed to schedule a UE on the same active BWP to receive multiple PDSCHs simultaneously. How to ensure the same active BWP for multiple TRPs should be discussed.
For ideal backhaul case, multiple TRPs can coordinate to schedule the same active BWP for a UE. One way to support DCI-based BWP switching is that UE is not expected to receive different UL or DL bandwidth part indicator from multiple TRPs/panels simultaneously if UE receives 2 DCI format 0_1 or 2 DCI format 1_1 at the same time. Another possible method is that, only one TRP is configured for DCI-based BWP switching and UE just follows UL or DL bandwidth part indication from this TRP. The bandwidth part indication from the other TRP can be not present in the DCI, or even present, UE will ignore the bandwidth part indication from the other TRP. Fig. 2-7 shows an example of DCI-based BWP switching. In Fig. 2-7, we assume TRP1 is configured with DCI-based BWP switching. Hence, UE just follows BWP indication from TRP1 and ignores the BWP indication information from TRP2. For timer-based BWP switching, a timer can be configured and maintained for multiple TRPs on a CC, and the timer can be restarted by either TRP by decoding related PDCCH or MAC PDU, as shown in Fig. 2-8.
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Fig.2-7: DCI-based BWP switching
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Fig.2-8: timer-based BWP switching
For non-ideal backhaul case, since it is difficult for multiple TRPs to coordinate timely to exchange the information for BWP switching, the simplest way is to not support DCI-based BWP switching or timer-based BWP switching. To support BWP switching in non-ideal backhaul case, frequent inter-TRP coordination should be avoided. A possible method is that, only one TRP can be configured with DCI-based or timer-based BWP switching, and UE just follows the configured TRP for BWP switching. In our view, the BWP switching would not happen frequently, therefore, it is feasible that the configured TRP shall make the BWP switching decision and notify the decision to the other TRP by Xn/backhaul signaling semi-statically to make sure the consistent active BWP operation among TRPs.
To support both ideal and non-ideal backhaul cases, whether supporting DCI-based or timer-based BWP switching or not can be configured by RRC signaling. In addition, only one TRP/panel configured with DCI-based or timer-based BWP switching can be a common solution for both ideal and non-ideal backhaul cases. Hence, we have following proposals.
Proposal 2-8:
· For multiple PDCCH design for eMBB, support DCI-based BWP switching, if configured.
· UE assumes the same active BWP for multiple TRPs.
· UE follows BWP indication from one TRP as specified or RRC configured, and ignores the BWP indication from another TRP.
· For multiple PDCCH design for eMBB, support timer-based BWP switching, if configured.
· UE assumes the same active BWP for multiple TRPs.
· UE follows timer-based switched BWP for one TRP as specified or RRC configured.
Default QCL assumption
In Rel.15, for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, default QCL assumption is defined for DMRS ports of PDSCH of a serving cell based on the TCI state of the lowest CORESET ID in the latest slot as shown in Fig.2-9(a). For multiple TRPs, the TCI state or QCL assumption for different TRPs should be different. It has been agreed that one CORESET in a “PDCCH-config” corresponds to one TRP. Therefore, it is straightforward that the default QCL assumption for DMRS ports of PDSCH is defined based on the TCI state of the lowest CORESET ID in the latest slot which has the same higher layer index as the CORESET in which the DCI scheduling the PDSCH is received as shown in Fig.2-9(b).
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 (a) Rel.15                                  (b) Rel.16
Fig.2-9 Default QCL assumption

Proposal 2-9:
· For multiple PDCCH based multi-TRP/panel transmission, the DM-RS ports of a PDSCH are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot which has the same higher layer index as the CORESET in which the DCI scheduling the PDSCH is received.
UCI enhancement
Joint A/N for multiple PDCCH design
In the RAN1#98 meeting, the following two options were agreed for joint dynamic HARQ-ACK codebook among multiple TRPs:
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
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Fig.2-10 Alt.1                      Fig.2-11: Alt.2

Fig.2-10 and Fig.2-11 show an example for Alt.1 and Alt.2 respectively. Alt.1 is beneficial to avoid HARQ-ACK codebook size ambiguity due to the DCI miss detection. For example, if the DCI#3 in the Fig.2-10 is missed, UE can identify the DCI miss detection based on the counter DCI value in DCI#2’ since the DAI is jointly counted across multiple TRPs and there is no ambiguity on HARQ-ACK codebook size. However, for Alt.2, if the DCI#3 in Fig.2-11 is missed, UE cannot identify the DCI miss detection since the counter DAI is counted separately across multiple TRPs. Thus HARQ-ACK codebook size ambiguity will occur. In addition, for Alt.1, some companies have concern that it requires tight coordination among multiple TRPs/panels since the DAI value in the PDCCH of one TRP is impacted by the scheduling of other TRPs. Since joint ACK/NACK feedback is used for ideal backhaul, tight coordination among multiple TRPs is feasible. For Alt.2, some companies propose that this can unify the UE behavior for separate ACK/NACK feedback and joint ACK/NACK feedback. Although the counter DAI and total DAI counting is the same for joint ACK/NACK feedback and separate ACK/NACK feedback, the UE in Alt.2 is not exactly the same as the UE behavior in separate ACK/NACK feedback, since additional UE behavior needs to be defined on how to concatenated the HARQ-ACK bits for TRP1 and HARQ-ACK bits for TRP2 together. Based on the above analysis, we have the following proposal:
Proposal 2-10:
· For joint dynamic HARQ-ACK codebook, support Alt.1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.
[bookmark: _GoBack]PUCCH resource association
For multiple PDCCH based multiple TRP/panel transmission, it was agreed that each PUCCH resource may be associated with a value of higher layer index per CORESET, however, how to associate a PUCCH resource with a higher layer index per CORESET is still unclear. In the email discussion on RRC parameters after RAN1#98bis meeting, the following alternatives were proposed:
· Alt.1: hard association of PUCCH resources, e.g. the lowest indice(s) of configured PUCCH resources associated with the value 0 of HigherLayerIndexPerCORESET
· Alt.2: Whether the source RS in the activated spatial relation of the PUCCH resource is the same as the QCL source RS in the activated TCI state of the CORESET
· Alt.3: introduce a new RRC parameter
· Alt 4: PUCCH resources for TRP0 are configured with close loop index 0, and PUCCH resources for TRP0 are configured with close loop index 1
Although each alternative can work, Alt.1, Alt.2 and Alt.4 may have some restrictions more or less. Alt.1 is quite inflexible, and some details need to be further clarified, e.g., how many PUCCH resource is associated with value 0 and how many PUCCH resource is associated with value 1, etc. For Alt.2, if source RS for the activated spatial relation of the PUCCH resource is configured as SRS, additional mechanism needs to be defined in order to associate a PUCCH resource with a higher layer index per CORESET. For Alt.4, each TRP can only have one close-loop power control which is not forward compatible. The most simple and flexible way is to introduce a new RRC parameter as in Alt.3.
Proposal 2-11:
· An explicit RRC parameter is introduced to associate a PUCCH resource with a value of higher layer index per CORESET.

CSI measurement enhancement
To support joint transmission from multiple TRPs/panels, suitable Tx-Rx beam pair from each TRP/panel should be selected for high frequency. If beam management is performed for each TRP/panel individually, the selected beams from each TRP/panel individually do not consider inter-beam interference. In addition, the overhead of beam measurement and reporting would be high, and the latency of beam management procedure would be large. Therefore, a combination of multiple beams from multiple TRPs/panels (one beam from one TRP/panel) can be transmitted simultaneously for beam measurement and reporting. The new measurement and reporting of L1-SINR for a combination of multiple beams can be further studied, as discussed in our companion contribution [2].
Similarly, for CSI reporting in multiple TRPs/panels, inter-beam interference from multi-TRP/panel should be taken into account. NZP CSI-RS based interference measurement defined in NR Rel-15 can be reused for inter-beam interference measurement in multi-TRP/panel in NR Rel-16. However, how to configure CSI-RS from multiple TRPs and how to support multiple types of interference hypothesis measurement for a channel measurement should be further discussed.
To evaluate the performance of different transmission schemes and different CSI measurement methods, system-level simulation is performed for multi-panel transmission on 30 GHz. Detailed evaluation assumptions are shown in appendix Table A-1. Cell average spectral efficiency and 5% edge UE spectral efficiency are evaluated as the metrics. In the simulation, following four cases in Table 2-1 are evaluated with corresponding illustrations shown in Fig. 2-12.
Table 2-1: Simulation cases
	Case
	Transmission scheme
	CSI feedback
	UE reception

	1
	Single-panel Tx for a UE
	1 CSI feedback for single-beam transmission per UE
	1 panel for reception at UE

	2
	Multi-panel Tx for a UE
	1 CSI feedback for multi-beam joint transmission per UE
	2 panel for reception at UE

	3
	Multi-panel Tx for a UE; 
	3 CSI feedback (2 for single-beam transmission and 1 for multi-beam joint transmission) per UE
	2 panel for reception at UE

	4
	Multi-panel Tx for a UE;
	3 CSI feedback (Based on Case 3, 2 CSIs for single-beam transmission are updated considering the inter-beam interference from the other panel) per UE
	2 panel for reception at UE


[image: ]
Fig. 2-12 Examples of four simulation cases.
For the four cases, the evaluation results of cell average spectral efficiency and 5% edge UE spectral efficiency are shown in Fig. 2-13. Compared with Case 1, Case 2 with multi-beam joint transmission for a UE can increase both cell average and cell edge performance in multi-panel scenario. The cell average performance gain is about 11%-16%, and the edge UE performance gain is about 22%-23%. Case 2 can be regarded as coherent joint transmission from multiple beams.
Comparing Case 2 and Case 3, it is observed that multiple types of CSI feedback in Case 3 increases cell average performance but reduces cell edge performance in multi-panel scenario. In Case 3, as the gNB can decide to schedule one UE with joint transmission from two panels simultaneously, or to schedule two different UEs with single-beam transmission, the performance of Case 3 should be better than Case 2 due to more flexible scheduling. However, when gNB schedules two different UEs for two panels, the beams from these two panels are selected dynamically based on scheduling, which means that the selected beams from two panels will have variable inter-panel/inter-beam interference. In that case, the reported CSI for single-beam transmission may be not aligned with the realistic CSI for data reception. Especially when the reported CSI of single-beam is high while the scheduled single-beam suffers large inter-panel interference from the selected beam from the other panel, the over-estimated MCS will make performance decrease. In the simulation, the edge UEs largely suffer from inter-panel interference. That’s why edge UE performance is decreased in Case 3. In Case 4, enhanced CSI feedback with inter-beam interference is considered based on Case 3. And Case 4 can further improve the cell edge and cell average performance.
 
Fig. 2-13 Performance of different transmission schemes with different CSI feedback methods.

Observation 2-1:
· Multiple CSI feedback considering inter-beam/inter-panel/inter-TRP interference measurement can increase both cell average and cell edge performance in multi-panel/TRP scenario.
Proposal 2-12:
· To support non-coherent joint transmission in multi-TRP/panel for eMBB, NR Rel-16 should study the CSI enhancement, including
· Configuration and L1 measurement/reporting of a combination of multiple beams transmitted from multiple TRPs/panels simultaneously
· Configuration and CSI measurement to support multiple types of interference hypothesis measurement from multiple TRPs/panels

Multi-TRP enhancement for URLLC
In the RAN1#98bis meeting, following agreements were made for multiple TRP for URLLC:
	Agreement
For single-DCI based M-TRP URLLC scheme 2b
· The RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to PDSCH associated with the second TCI state.  

Agreement
For single-DCI based M-TRP URLLC scheme 2b
· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 
· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)
Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
· The maximum number of repetition is FFS.
Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99
· FFS: Any restrictions on the possible value pairs for K and SLIV
Agreement
· For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.
Agreement
For single-DCI based M-TRP URLLC scheme 4, RVid indicated by the DCI is used to select a RV sequence to be applied to transmission occasions
· whereas RV sequences are the same with Table 5.1.2.1-2 in Rel-15 NR

Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.


Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not
Conclusion
Whether to support multi-DCI based FDM scheme with repetition has no RRC impact. Further details of RAN1 spec impact can be further discussed in RAN1#99 meeting.

Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 
· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion




In this section, we present our views on multi-TRP enhancement for URLLC.

PDSCH repetition over multiple TRPs
Number of PDSCH repetitions
In Rel.15, the number of repetitions of a transport block in time-domain is up to 8 to ensure coverage, this is still hold for PDSCH repetition across multiple slots, i.e., scheme#4 in multiple TRPs enhancement for URLLC. Therefore, for scheme#4, the number of PDSCH repetitions can be up to 8. 
Proposal 3-1:
· For scheme 4, the number of PDSCH repetitions is the same as Rel.15, i.e., up to 8.
Switch between single TRP and multiple TRP
In the RAN1#98bis meeting, switching between different URLLC schemes were discussed and the discussion mainly focused on semi-static switching among scheme 2a/2b/3. However, how to fallback to single TRP for each scheme was not sufficiently discussed. In our view, it is beneficial to allow fallback operation since it is not always good to use multiple TRP considering the UE movement, etc. 
If UE has sufficient time to decode the DCI, the switching between single TRP and multiple TRP for a given URLLC scheme can be differentiated by the number of TCI states within the TCI codepoint indicated by the DCI. However, URLLC service is sensitive to latency, it is necessary to allow short scheduling latency, e.g., self-slot scheduling. In this case, the time offset between DL DCI and the corresponding PDSCH may be less than a threshold timeDurationFor QCL and UE may not have sufficient time to decode the DCI. As discussed in section 2.1.2, for single PDCCH based multi-TRP eMBB, switching between single TRP and multiple TRP can be determined based on the number of TCI states within the lowest TCI codepoint activated by the MAC CE. Same mechanism of default QCL assumption for single PDCCH for eMBB can be applied for a given scheme in multi-TRP URLLC.
Proposal 3-2:
· For a single-DCI based multi-TRP URLLC scheme,
· If the time offset between the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, single TRP and multiple TRP operation are differentiated by the number of TCI states within the TCI codepoint indicated the DCI;
· If the time offset between the DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL, single TRP and multiple TRP operation are switched by the number of TCI states within the lowest TCI codepoint activated by the MAC CE.
Conclusion
In this contribution, we discussed the enhancements on multi-TRP/panel transmission in Rel-16. Based on the discussion, we made following observations and proposals.
For multi-TRP/panel enhancement for non-coherent joint transmission for eMBB,
Proposal 2-1:
· For single PDCCH design for eMBB, the maximum number of RRC configured TCI states is the same as Rel.15.
Proposal 2-2:
· For single-PDCCH based multi-TRP/panel transmission, 
· if tci-PresentInDCI is not configured, UE always assume single default QCL assumption based on Rel.15 rule;
· if tci-PresentInDCI is configured, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL,
· UE assumes single default QCL assumption based on Rel.15 rule if one TCI state is activated within the lowest TCI codepoint;
· UE assumes two default QCL assumptions based on the following rule if two TCI states are activated within the lowest TCI codepoint:
· For the 1st TRP/panel, the UE assumes the DMRS ports of the PDSCH corresponding to the TRP are quasi co-located with the RS(s) with respect to the QCL parameter(s) of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot; 
· For the 2nd TRP/panel, the UE assumes the DMRS ports of the PDSCH corresponding to the TRP are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the 2nd TCI states in the lowest TCI codepoint activated by MAC CE.
Proposal 2-3:
· For single PDCCH based multi-TRP/panel transmission, 
· If one PT-RS is configured, two TCI states are indicated, UE treat it as error case;
· If two PT-RSs are configured, and one TCI state is indicated, UE shall only receive the first PT-RS port and the first PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the indicated TCI state.
Proposal 2-4:
· For single PDCCH based multiple TRP/panel transmission, multiple CRS patterns can be configured.
· Rate matching is performed around the multiple CRS patterns per PDSCH.
Proposal 2-5:
· For multiple PDCCH based multi-TRP/panel transmission, support the following PDCCH overbooking rule:
· For USS on Pcell, UE maps all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID
· If all candidates in a USS set can’t be mapped based on BD/CCE limit per TRP, any candidates in the USS set and in any subsequent SS sets associated with the CORESETs configured for same TRP/higher layer index are dropped (not mapped); 
· If all candidates in a USS set can’t be mapped based on BD/CCE limit per serving cell, any candidates in the USS set and in any subsequent SS sets are dropped (not mapped).
Proposal 2-6:
· If UE is not provided RadioLinkMonitoringRS, the UE determines the RLM RS based on the RS provided for the active TCI states for PDCCH reception in CORESETs associated with the lowest higher layer index.
· Within the CORESETs associated with the lowest higher layer index, same down-selection rule as Rel.15 is reused.
Proposal 2-7:
· For multiple PDCCH design for eMBB, support the same PDSCH mapping type (PDSCH Type A+ PDSCH Type A) for co-scheduled PDSCHs as starting point.
Proposal 2-8:
· For multiple PDCCH design for eMBB, support DCI-based BWP switching, if configured.
· UE assumes the same active BWP for multiple TRPs.
· UE follows BWP indication from one TRP as specified or RRC configured, and ignores the BWP indication from another TRP.
· For multiple PDCCH design for eMBB, support timer-based BWP switching, if configured.
· UE assumes the same active BWP for multiple TRPs.
· UE follows timer-based switched BWP for one TRP as specified or RRC configured.
Proposal 2-9:
· For multiple PDCCH based multi-TRP/panel transmission, the DM-RS ports of a PDSCH are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot which has the same higher layer index as the CORESET in which the DCI scheduling the PDSCH is received.
Proposal 2-10:
· For joint dynamic HARQ-ACK codebook, support Alt.1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.
Proposal 2-11:
· An explicit RRC parameter is introduced to associate a PUCCH resource with a value of higher layer index per CORESET.
Observation 2-1:
· Multiple CSI feedback considering inter-beam/inter-panel/inter-TRP interference measurement can increase both cell average and cell edge performance in multi-panel/TRP scenario.
Proposal 2-12:
· To support non-coherent joint transmission in multi-TRP/panel for eMBB, NR Rel-16 should study the CSI enhancement, including
· Configuration and L1 measurement/reporting of a combination of multiple beams transmitted from multiple TRPs/panels simultaneously
· Configuration and CSI measurement to support multiple types of interference hypothesis measurement from multiple TRPs/panels

For multi-TRP enhancement for URLLC,
Proposal 3-1:
· For scheme 4, the number of PDSCH repetitions is the same as Rel.15, i.e., up to 8.
Proposal 3-2:
· For a single-DCI based multi-TRP URLLC scheme,
· If the time offset between the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, single TRP and multiple TRP operation are differentiated by the number of TCI states within the TCI codepoint indicated the DCI;
· If the time offset between the DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL, single TRP and multiple TRP operation are switched by the number of TCI states within the lowest TCI codepoint activated by the MAC CE.
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Appendix
Table A-1: Evaluation assumptions for multi-panel transmission
	Parameters
	Values or assumptions

	Scenario
	Dense Urban Micro layer only

	Carrier Frequency
	30 GHz

	Mode
	TDD

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	UMi in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	ISD
	200m

	BS Tx power
	39dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	Configuration 1:
(M,N,P,Mg,Ng) = (4,8,2,1,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 0)λ
Configuration 2:
(M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Scheduling algorithm
	PF

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	L1-RSRP

	Traffic model
	Full buffer

	UE distribution
	80% indoor; 20% outdoor. 20 users per TRP 



Average Spectral efficiency

Case 1	Case 2	Case 3	Case 4	4.9789000000000003	5.5145	6.1673999999999998	6.4459	
SEavg (bit/s/Hz/TRxP)



5% edge UE spectral efficiency

Case 1	Case 2	Case 3	Case 4	1.4500000000000001E-2	1.54E-2	1.2999999999999999E-2	1.6E-2	
SEedge (bit/s/Hz)
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