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1 Introduction

In previous meetings [1] [2], the following agreements on multi-TRP transmission were achieved, 
Agreement

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

· to be discussed and down-selected in RAN1#96bis

Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 

· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 

· FFS: the format of PUCCH from multiple TRP shall be same or different 

For issues related to PUCCH resources, study including: 

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.

· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 

· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs

· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

Agreement

At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 

· Alt 1: enhance c_init, FFS detailed design in RAN1 97

· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
Agreement

For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability

· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Above applies at least for FR1 

Agreement 

Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 

· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

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 TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW.

· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 

· how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 

· PUCCH resource groups are not needed.

· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

In this contribution, we provide our considerations for multi-TRP/panel transmission starting from previous agreements, for multiple PDCCH based multi-TRP transmission design with non-ideal/ideal backhaul, reliability/robustness enhancement and single PDCCH based multi-TRP transmission design. 

2 Design for multiple PDCCHs based multi-TRP/Panel transmission

2.1 Downlink Design for M-DCI NCJT
2.1.1 PDCCH Enhancements for M-DCI 
It was agreed that # of CORESETs, BD, and CCEs will be increased, but the impact of UE complexity shall be also considered. Two possible ways can be implemented by the NW for PDCCH configuration. One way is that CORESETs from different TRPs are configured with a manner of FDM so that PDCCH candidates would have non-overlapping CCEs among TRPs. Another way is that the TRPs can use different scrambling IDs for CORESETs from different TRPs, as Rel-15, whereas scrambling ID is configured per CORESET. 
The first approach will lead to higher PDCCH overhead, at expense of PDCCH/PDSCH capacity. For example, with non-ideal backhaul, one TRP would always avoid to use resources occupied by CORESETs from another TRP. On the other hand, the second approach requires the UE to decode two non-orthogonal PDCCHs. Thus for M-DCI based NCJT, both approaches may be needed and the NW implementation can ensure that either PDCCH candidates from CORESETs from each TRP will not overlap each other, or different scrambling ID will be configured to CORESETs assigned to each TRP.
Observation 1: It is up to the NW implementation to configure multiple CORESETs with orthogonal frequency resources or different scrambling IDs for TRPs. 
In Rel-15, UEs determine CCE indexes of a UE-specific search space set by a Hash function with parameter Ap, and the value of Ap corresponds to the index of CORESET associated with the UE-specific search space set. There are total 3 different values for Ap are specified in Rel-15, i.e. {39827, 39829, 39839}, which can apply to maximum 3 different CORESETs per “PDCCH-Config”. For single-TRP operation, the optimization of Ap values can minimize the probability of PDCCH blockage. For example, for a given slot, a proper Ap design can give rise to more diverse CCE indexes for UEs using the same Ap and different RNTIs in order to improve PDCCH capacity and support more active UEs in a cell.
In RAN1#96bis meeting, it was agreed to increase the maximum number of CORESETs per “PDCCH-Config” to [4, 5, or 6]. However, as aforementioned, different Ap values in Rel-15 can only support up to 3 different CORESETs.
For the UE supporting M-DCI NCJT transmission, optimizing Ap values can reduce inter-TRP PDCCH interference or CCE collision due to limited coordination by non-ideal backhaul. For example, there’s probability of overlapping CCEs of scheduled PDCCHs from two TRPs for a given UE by using different CORESET scrambling IDs so that these PDCCHs may interfere each other. The smaller the probability of CCE overlapping, the better PDCCH performance. Moreover, for the scenario of ideal-backhaul, supporting more than 3 Ap values can reduce PDCCH blockage probability further compared to Rel-15 and then increase PDCCH capacity. Therefore it is beneficial to support additional values for Ap. Further details of selecting specific values of Ap can refer to our companion paper in [3].
Proposal 1: Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, if more than 3 CORESETs are configured. 
With the increase of BD/CCE numbers, some restrictions can be considered to limit UE complexity. PDCCH monitoring/detection complexity highly relies on PDCCH overbooking issue. In Rel-15, the UE firstly determine CCEs of a PDCCH candidate according to Search space function. Then, there’s possibility that PDCCHs may have overlapped CCEs. In that case, PDCCH with lower priority (higher SS set/PDCCH candidate index) is dropped. Therefore, for a PDCCH candidate, the UE needs to compare it with all PDCCH candidates with lower indices. Such an operation is usually very complex. Thus overbooking and related candidate dropping rules may greatly impact PDCCH monitoring complexity.
For multi-PDCCH based solution, two TRPs would transmit its NR-PDCCH using different CORESET(s). With increased BD # in multi-TRP transmission, PDCCH candidate determination complexity will be increased accordingly. But considering specific design of M-DCI NCJT, it is possible to design restrictions of NW implementation to avoid excessive droppings of PDCCH candidates among TRPs, whilst balancing the NW implementation flexibility. One solution is that, the gNB explicitly configures CORESETs into two CORESET groups, and the NW implementation is to ensure that comparing overbooked PDCCH candidates between CORESET groups are not required by the UE. Therefore from the UE perspective, within single CORESET group, the complexity of PDCCH detection is maintained as same as single-TRP operation of Rel-15 at most.
Proposal 2: Study the enhancement of CORESET design/configurations or restrictions to reduce PDCCH detection complexity for M-DCI NCJT, i.e. by configuring multiple CORESET groups each of which corresponds to one TRP.
2.1.2 PDSCH Enhancements for M-DCI
· PDSCH Scrambling  

It was agreed that different PDSCH scrambling sequences can be supported for PDSCHs, for eMBB with multi-DCI based multi-TRP/panel transmission. Both Alt1 and Alt2 support different scrambling ID of PDSCH from different TRPs, whereas Alt2 is a more straightforward approach. 

The remaining problem is, how the UE is informed about which scrambling ID is used for a specific PDSCH. For instance, in Rel-15, parameter dataScramblingIdentityPDSCH is configured in PDSCH-config, contained in BWP configurations. For intra-cell operation, given one PDSCH-config, when two dataScramblingIdentityPDSCH values are configured, it is ambiguous to the UE about which one (out of two values) shall be used for de-scrambling PDSCH or the UE has to consider complicated BD for PDSCH scrambling IDs. Then such an association between scrambling IDs and PDSCHs can be conducted through PDCCH configuration. For example, the configured dataScramblingIdentityPDSCH can be associated with a CORESET group. Therefore, the UE shall identify the dataScramblingIdentityPDSCH to be used for decoding PDSCH by decoding DCI and then identifying DCI-associated CORESET group.
Proposal 3: Support two dataScramblingIdentityPDSCHs per BWP configured by RRC, and each dataScramblingIdentityPDSCH is associated with a CORESET group.
· Rate matching
For rate matching mechanism in multi-TRP transmission, various channels/RSs are under discussion. Since multi-PDCCH scheme is designed for non-ideal backhaul, TRPs can have limited coordination, e.g. semi-persistent information exchange. Therefore, some dynamic signals from one TRP may generate interference to another TRP. In general, the principle is that rate matching enhancement should balance between performance and overhead. In Rel-15, there’re already flexible rate matching mechanism, so that most of them can be reused in Rel-16 and up to network implementation. Further details can refer to our companion paper in [4].
More enhancements for PDSCH, e.g. CSI measurements, are given in [5]. 
2.2 Uplink Design for M-DCI NCJT
2.2.1 ACK/NACK Feedback 

· HARQ-ACK Codebook Generation
It was agreed that support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs. One of remaining problems is that how to generate two HARQ-ACK codebooks for two TRPs. 
In Rel-15, the UE would generate a HARQ-ACK codebook across slots and serving cells. Taking HARQ-ACK codebook generation mechanism in Rel-15 as an example, as red texts shown in Figure 1, downlink assignment is counted first in ascending order of CC indexes within one slot, and then in ascending order of slots. In slot1, in CC1 and 2, the UE is scheduled with PDSCH1 and PDSCH2, and total DAI is 2. Then in slot2, in CC 1, 2 and 3, the UE is scheduled with PDSCH3, 4, 5 and total DAI is 5 within this occasion. The UE assumes the same value of total DAI in all DCIs in one PDCCH monitoring occasion. The UE generate a HARQ-ACK codebook according to this order of PDSCHs 1~5.
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Figure 1 HARQ-ACK codebook generation for Rel-15
For multi-TRP transmission, especially for the case of non-ideal backhaul, each TRP would count DAI independently, as blue and red PDSCHs in Figure 2. For a give UE, it may not be necessary or feasible to have NJCT for all CCs at the same time, for example NCJT served over CC 1 and CC3 and single TRP served over CC2. For M-DCI based NCJT, what the UE may be expected are: 
· In slot 1, TRP1 (red) happens to schedule this UE in CC 1 and 2, and TRP2 (blue) happens to schedule in CC 2 and 3. The UE receives four DCIs in slot 1. 
· In slot2, TRP1 schedules the UE in CC 1~3, but TRP2 only schedules the UE in CC 3. The UE receives four DCIs in slot 2.  
With Rel-15 specification, the UE shall assume a same value of total DAI in all DCI format 1_1 in a PDCCH monitoring occasion. As shown in Figure 2, DAI indication mechanism shall be revisited in Rel-16 for M-DCI NCJT transmission since the total DAI may be inconsistent (as shown in Figure 2 in slot 2, e.g. (3,3) and (3,5)). Therefore UL differentiation for supporting multiple HARQ-ACK codebook feedback shall be refined in Rel-16 so that two codebooks for two TRP can be generated properly according to DAI. 
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Figure 2 HARQ-ACK codebook generation for Rel-16 
To solve the ambiguity of DAIs and associated HARQ-ACK codebooks from multiple TRPs, CORESET groups may be needed to cross multiple CCs (if needed) and each CORESET group corresponds to one TRP. Then the UE can count DAI separately within each CORESET group, and then the UE can sort out HARQ-ACK information of PDSCHs scheduled by the same CORESET group with the same Rel-15 principle in order to generate a HARQ-ACK codebook associated to that CORESET group. For example CORESET group 1 may contain CORESET 1 of CC 1, and CORESET 1, 2 of CC2, and CORESET 1 of CC 3. CORESET group 2 may contain CORESET 2 of CC 1, and CORESET 2 of CC 3.
Proposal 4: Support constructing separated HARQ-ACK codebooks according to received DAIs and CORESET group(s), whereas each CORESET group corresponds to one TRP.
· PUCCH resource configurations for HARQ-ACK 
In Rel-15, PUCCH conveying HARQ-ACK, CSI, and SR are configured as follows. 

· A common pool containing PUCCH resources is configured.
· For HARQ-ACK, with or without SR, 1~4 PUCCH resource sets are configured. Different PUCCH resource sets are used to convey different payloads. A UE determines specific PUCCH-ResourceSet according to actual UCI payload (the number of UCI bits including HARQ-ACK or HARQ-ACK+CSI) and then determines specific PUCCH resource within corresponding PUCCH-ResourceSet by PUCCH resource indicator in the DCI. 
· For CSI reporting by PUCCH, PUCCH resource and associated resource ID is configured for each CSI-ReportConfig in addition to PUCCH resources configured in PUCCH resource sets. Moreover, when multi-CSI-PUCCH-ResourceList is provided and PUCCH resources overlap, the UE would multiplex all CSI reports in the resource provided by multi-CSI-PUCCH-ResourceList.
There are four methods of PUCCH resource configurations/indications/transmission to transmit HARQ-ACK information:
· Method #1: The gNBs can configure overlapping PUCCH resources within/between PUCCH resource sets, and indicate overlapping PUCCH resources, and the UE can transmit overlapping PUCCH resources. By this method, the most PUCCH flexibility is maintained. However, if considering FDM among PUCCH resources, power splitting among PUCCH resources may reduce the coverage of PUCCH and also lead to complicated UL power control design, e.g. power backoff or transient time.
· Method #2: The gNBs can configure overlapping PUCCH resources within/between PUCCH resource sets, and indicate overlapping PUCCH resources. The UE doesn’t transmit overlapping PUCCH resources.

A possible solution is to introduce a pre-defined dropping rule, e.g. higher priority assigned to those PUCCH resources associated with lower CORESET ID. Then for a TRP whose PUCCH conveying HARQ is dropped by a UE due to PUCCH resource collision autonomously, that TRP may not be aware of the dropping because TRPs are connected by non-ideal backhaul. Note that the PUCCH resource is indicated and conveyed by DL DCI independently per TRP.  As a result, the TRP may consider PDSCH transmission as NACK and start retransmission later, even though it is ACK from the UE perspective. The DL performance will be degraded due to the dropping of HARQ-ACK information.   

· Method #3: The gNBs can configure overlapping PUCCH resources within/between PUCCH resource sets, but indicate non-overlapping PUCCH resources for two HARQ-ACK codebook.

The main problem is how to ensure such orthogonal indication from the NW perspective. As shown in Figure 2, the actual payload size per TRP can be dynamic per slot due to independent TRP scheduling, CA and single TRP/NCJT switching. To avoid selecting overlapped PUCCH resources, two TRPs has to exchange exact and instantaneous information of payload of HARQ-CAK codebooks, PUCCH resource indications, DAIs, etc, per slot to ensure such an orthogonality. Such a mechanism may give rise to some challenge of implementation for the scenario of non-ideal BH, but may be feasible for the scenario of ideal or close-ideal back BH
· Method #4: The gNBs can configure two non-overlapping PUCCH resource groups within each PUCCH resource set, and indicate non-overlapping PUCCH resources by, e.g. grouping PUCCH resource indicators per PUCCH resource set by the NW implementation whereas each group represents one TRP. 

From the UE perspective, the UE is expected to transmit TDMed PUCCH within a slot to convey separated HARQ-ACK feedback with separated HARQ-ACK codebook for two TRPs. Explicit PUCCH resource group mechanism may not be needed and can be left to NW implementation, with regarding to when/how to ensure TDMed PUCCH transmission at the UE. 
Observation 2: From the UE perspective, the UE is expected to transmit TDMed PUCCH within a slot to convey separated HARQ-ACK feedback with separated HARQ-ACK codebook for two TRPs. Implicit PUCCH resource grouping mechanism can be left to NW implementation to ensure TDMed PUCCH transmission at the UE side. 
· PUCCH resource configurations for HARQ-ACK and CSI Feedback
PUCCH resources conveying P/SP CSI reports are configured differently from PUCCH resource sets conveying HARQ-ACK. As Rel-15, PUCCH resources conveying CSI report only are not necessarily to be orthogonal with PUCCH resources included by four PUCCH resource sets conveying HARQ-ACK or HARQ-ACK+CSI.  For example, for CSI report only, long PUCCH resource with 14 OFDM symbol may be configured and used for better coverage. If there is HARQ-ACK to be transmitted in the same slot, multiplexing rule of HARQ-ACK and CSI is adopted and PUCCH resource is selected within specific PUCCH resource set. PUCCH resources selected from PUCCH resource sets to convey HARQ and CSI can be TDMed, from the UE perspective. 

The remaining question is that how to ensure proper multiplexing, if the PUCCH resource configured for CSI reporting only may overlap with two non-overlapping PUCCH resource groups within each PUCCH resource set.  As shown in Figure 3, from the gNB perspective, it can be ambiguous that whether CSI report #1 shall be multiplexed into HARQ-ACK 1 or HARQ-ACK2, and give rise to different UCI payload and eventually PUCCH resource set/resource selection. 
One way to avoid such an ambiguity is to use CORESET group ID discussed in previous section of “HARQ-ACK Codebook Generation”, which is configured for generate separated codebooks. Therefore each P/SP CSI reporting configuration over PUCCH can include a CORESET group ID so that only HARQ-ACK and CSI reporting associated to the same CORESET group can be multiplexed into the PUCCH resource selected from a PUCCH resource set. Otherwise, that CSI reporting will be dropped. Meanwhile, each P/SP CSI reporting configuration can be associated with one or two CORESET group IDs as well.
Proposal 5: To address multiplexing HARQ-ACK/CSI in one slot for M-DCI based NCJT, the UE can establish the linkage/association by configuring one or two CORESET group ID(s) in CSI report(s). 
· For a given slot, the UE multiplexes CSI report(s) to the HARQ-ACK information, only if the CSI reporting configuration can be associated to the same CORESET group ID as the PDCCH, otherwise the UE drops that CSI reporting. 
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Figure 3 UE behaviour of multiplexing HARQ-ACK and CSI for two TRPs
· PUCCH power control
In Rel-15, for PUCCH power control, the UE can be configured with more than one set of parameters, e.g. P0, pathloss reference RS, etc. Then a set of PUCCH power control parameters are associated with each pucch-SpatialRelationInfoId. For different PUCCH resources, the gNB can activate different pucch-SpatialRelationInfoId values, then corresponding power control parameter is applied to that PUCCH resource, although the parameter pucch-SpatialRelationInfoId was originally designed for FR2. For multiple PUCCH transmission at FR1, similar mechanism can be reused to configure two set of PUCCH power control parameters. For example, the UE may need to estimate different pathloss reference RSs and have different pathloss compensation for each TRP. UL power control mechanism is similar or related to DL multi-TRP UE selection criteria at certain extend. The remaining issue of UL in Rel-16 for M-DCI based NCJT is whether pucch-SpatialRelationInfoId can be reused in FR1 without any UE ambiguity. 
Observation 3: With multiple power control parameters configured by SpatialRelationInfoId, different power control can be applied to PUCCHs individually targeting at different TRPs. 
· PUSCH transmission for multi-TRP
Moreover, PUSCH may be scheduled by one of M-TRP independently. For example, TRP 1 may schedule PUSCH #1 and PUCCH #2 conveying HARQ-ACK and/or CSI is transmitted for TRP 2. Considering TRP1 may not be aware of selected PUCCH resource at the UE side, the UE behavior can be ambiguous about how to handle the potential collision between PUSCH and PUCCH, if the UE does not support simultaneous transmission of PUSCH/PUCCH. 

Similar to PUCCH, multiple power control parameter sets for PUSCH are also supported in Rel-15. A set of PC parameters are associated with each SRI codepoint in UL grant. Then TRPs can coordinate and indicate different SRI codepoints if different power control of PUSCH for two TRPs is required. For CB based UL-MIMO, each SRS resource can be linked with each TRP and associated PC. For NCB based UL-MIMO, SRI codepoints are shared among TRPs for associated PC at the expense of SRI indication available for each TRP. 
 Observation 4: The UE behavior of collision between PUSCH and PUCCH need to be clarified, for M-DCI based NCJT. 

2.2.2 HARQ Process Enhancement
For multiple NR-PDCCHs reception, UE should receive multiple associated NR-PDSCHs with separate HARQ processes. The ambiguity of HARQ process number indicated by multiple NR-PDCCHs may lead to confusion in HARQ related operations. For example, if two DCIs indicate the same HARQ IDs, the UE cannot distinguish PDSCHs scheduled by different DCIs in UE’s HARQ process, as shown in Figure 4 REF _Ref7707588 \h 
. 
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Figure 4 An example of HARQ process ambiguity 
For multiple NR-PDCCHs, the UE should receive data through multiple NR-PDSCHs with separate HARQ processes. In order to achieve this goal, a direct way is to allocate HARQ ID between TRPs, e.g. TRP1 using ID 0~7 and TRP 2 using ID 8~15. By this way, only 8 HARQ processes can be used for each TRP, which reduces the maximum buffer size of UE compared with single DCI design which will reduce the performance in some Uplink/Downlink TDD configurations. It was also discussed in LTE [6]. For example, for a “9DL:1UL” TDD configuration, 15 HARQ processes are needed in LTE. For NR, even assuming UE detection PDSCH in slot n and can feed back ACK/NACK in slot n+1, 9 HARQ processes number are needed, as shown in Figure 5 REF _Ref7707599 \h 
. Thus the number of HARQ processes is not enough for some scenarios.
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Figure 5 Example of needed HARQ processes for each TRP for “9DL: 1UL” TDD configuration with n+1 feedback

One way is to increase the number of HARQ IDs, e.g. 16(32. However this method will increase the number bits of HARQ process ID in DCI.  Therefore, in order to maintain consistency of the maximum buffer size of the UE without introducing new DCI format, the number of HARQ processes among TRPs can be implicitly increased. For example HARQ process ID and other parameter related to PDCCH can be used to distinguish HARQ process. For instance, PDSCH #1 is associated with HARQ ID #1 scheduled by PDCCH #1, and PDSCH #2 is also associated with HARQ ID #1 scheduled by PDCCH #2. Since PDCCH #1 and PDCCH #2 is configured in different CORESET groups, so even PDSCH #1 and PDSCH #2 have the same HARQ ID,  the UE can distinguish them when processing HARQ processes. Based on the above analysis, we have following proposal:

Proposal 6: In order to maintain the same maximum buffer size as Rel-15 and not increase the number of DCI bits, HARQ process for multi-DCI based multi-TRP/panel transmission should be implicitly increased to 32 by using, e.g. CORESET group ID, to distinguish HARQ processes for scheduled PDSCHs at the UE side.  
2.2.3 Scheduling/HARQ Timelines 
Firstly, in 38.214, there are restrictions on PDSCH scheduling and HARQ-feedback introduced for single TRP operation as the following,
· “For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. ”, as shown in Figure 6 (a);
· “The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process”, as shown in  Figure 6 (b);
· “The UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. ”, as shown in  Figure 6 (c); REF _Ref7707484 \h 

· “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.”, as shown in Figure 6 (d).
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	(a) Restriction 1: TDMed PDSCH in Rel-15 
	(b) Restriction 2: PDSCH scheduling for the same HARQ process in Rel-15 
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	(c) Restriction 3: HARQ-ACK feedback timeline in Rel-15 
	(d) Restriction 4: PDSCH scheduling for two HARQ processes in Rel-15 


Figure 6 Restrictions of scheduling/HARQ in Rel-15
· Restriction 1 is already relaxed for multi-TRP, with several restrictions, e.g. DMRS configuration, etc. Then PDSCHs from different TRPs can be overlapping. 

· Restriction 2 and 4 should be relaxed for multi-TRP transmission. With only semi-persistent coordination between TRPs by non-ideal backhaul and flexible scheduling offset K0 independently determined at each TRP, PDSCH #2 may possibly start before the ending symbol of PDSCH #1. In addition, when two TRPs are independently scheduling PDSCHs, PDCCHs can occur at any monitoring occasion. Therefore above restriction of PDSCH scheduling timeline cannot be met. Thus for multi-TRPs scheduling the same or different HARQ processes, the order should be maintained only within one TRP.
· Restriction 3 also needs to be relaxed for the scenario of non-ideal backhaul, as it can be difficult to be implemented between two TRPs for efficient PDSCH allocation and corresponding HARQ-ACK assignment.
Therefore above restrictions would largely limit practical implementation of multi-PDCCH based solution, due to semi-static coordination among TRPs. It is preferred that the UE would have two parallel receiving/processing timelines and each can be used for eMBB at least from one TRP. 
Proposal 7: For M-DCI based NCJT transmission, the order of PDSCH scheduling/HARQ defined in Rel-15 can be applied, only if scheduling/HARQ from the same CORESET group, otherwise restrictions are not applied from the UE perspective. 
3 Reliability/Robustness enhancement with Multi-TRP/Panel transmission

3.1 Enhancement for PDSCH
In previous meetings, several schemes for PDSCH reliability/robustness enhancement were discussed. In our company contribution [7] [8], detailed analysis and design are discussed. Simulation results for reliability enhancements can be found in [10]. The descriptions of schemes can be found by the e-mail discussion [96-NR-09].
3.1.1 Scheme down-selection 

Both schemes of SDM and FDM exploit the concurrent spatial diversity from different TRPs, so that they have comparable latency performance. Due to different resource mapping methods, it is expected that the scheme of SDM has better resource utilization efficiency, while the scheme of FDM has no inter-layer interferences. 

On the other hand, the SDM scheme (1a) has little spec effort. But for the FDM schemes, at least the spec enhancement on frequency domain resource assignment (FD-RA) is needed. One option is to have separate indication fields in DCI for FD-RA for each TRP. An alternative option is to keep the indication field in DCI exactly same as single TRP case, but using pre-defined rule to extend the FD-RA for the cooperative TRP. Such a solution would introduce scheduling constrain that only limited combinations of FD-RA for each TRP can be selected. 
Simulations were conducted to observe the technical benefits of FDM scheme. The results are shown in [10]. It is observed that, the FDM with the most flexible FD-RA for each TRP is slightly better than SDM at reliability metric of 10-5 in the case of low traffic mode. At the meantime, in the case of high traffic mode, the performance of FDM schemes with or without flexible FD-RA are much worse than SDM at reliability metric of 10-5. 
Moreover, the SDM scheme 1a and TDM scheme 3 & 4 are already supported. The scheme 1a can be used for better resource utilization efficiency or higher URLLC traffic. Both scheme 1a and scheme 3 can be used in latency sensitive scenarios. The scheme 3 and scheme 4 can be used in FR2 when UE has single-panel capability. In general, the above schemes are sufficient to support the reliability enhancement in various transmission scenarios. 

In conclude, the FDM scheme may have marginal performance gain only for the case of low traffic mode in condition that the most flexible FD-RA indication method is adopted for FDM scheme. Thus, the FDM scheme can be deprioritized in Rel-16.

Proposal 8: FDM schemes in Rel-16 has lower priority for M-TRP based URLLC.  
3.1.2 Detailed design for scheme 1a
The scheme 1a is transparent for eMBB and URLLC scenarios. It is up to implementation that URLLC applications may use lower MCS& coding rate to improve the reliability. The Rel-15 layer mapping rule can be reused to map the DMRS port(s) and layers. One remaining issue is the number of TCI states (Ns) for scheme 1a. Basically, Ns is no more than 3 due to the limit that there is only 3 DMRS CDM groups. However, it is easier to support Ns = 2 for scheme 1a so that the design of TCI states indication for eMBB can be reused in URLLC. Another remaining issue for scheme 1a is the supported layer number per TRP. For a fixed TB size, more layers can further reduce the MCS and coding rate. Or for a fixed MCS and coding rate, more layers can bring better spectrum efficiency. Therefore, the number of total layers can be up to 4. On the other hand, the layer combinations can be flexible, which can be dependent on the channel conditions between two TRPs. 

Proposal 9: Support the following configurations of scheme 1a
· Ns = 2 (or number of TRP = 2)
· Layer combinations between TRPs can be flexible, where the total layers are up to 4.

3.1.3 Detailed design for scheme 3/4
The TDM schemes are almost the same to Rel-15 PDSCH time repetition, where only difference is the TB repetition is assumed to be transmitted from multiple TRPs. The time granularities of scheme 3 and scheme 4 are mini-slot based and slot based respectively (as shown in Figure 7). Both schemes can apply different TCI states and RVs to each transmission occasions, so that the TBs received from different TRPs can be beneficial from spatial diversity gain and coding gain of soft-combining. For simplicity, the MCS and DMRS port(s) keep the same across all the transmission occasions. 
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Figure 7 Illustration of transmission schemes 3 and 4
First of all, the repetition number K should be discussed. For scheme 3, K may highly depend on the PDSCH mapping type and [S, L] combinations. Referring to table 5.1.2.1-1 in 38.214, for the case of PDSCH mapping type B and PDSCH length L=2, the theoretical upper bound of repetition times can be 7. For rest cases, the repetition is no more than 3. Otherwise, the resource mapping in time domain will across the slot boundary. For scheme 3, the maximum K = 4 can be a reasonable starting point, considering the occupation of PDCCH and/or some gap duration leaving for various reasons. For scheme 4, the Rel-15 PDSCH repetition scheme can be taken as a reference, that the maximum K =8 is the starting point. 

Next, the TCI states association to each transmission occasion can be discussed. For example, the number of TRP is 2, then UE can be informed of 2 TCI state indexes via DCI (entry 6 as shown in Figure 8). At the meanwhile, the UE may be informed by high-layer signalling about the repetition number K. When K = 2, the TCI states are associated to each transmission occasions sequentially. When K = 4, the TCI states expand to 4 indexes by repetition, and then associate to each transmission occasions sequentially. In Figure 8, two TCI states can be indicated via one TCI code point of the DCI in single DCI based transmission. 
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Figure 8 Example for association of TCI states and the transmission occasions in repetition transmission
For RV association, the simplest solution is to reuse the Rel-15 RV mechanism, i.e. depending on the rvid in the corresponding DCI, the RV sequence applied to each transmission occasions can be referred to table 5.1.2.1-2 in 38.214. 

For time-domain resource allocation (TD-RA), the scheme 4 can reuse the mechanism of Rel-15 PDSCH repetition, i.e. same symbol allocation as indicated in DCI is applied across all the transmission occasions (slots). Similar design can be used to simplify the TD-RA indication for scheme 3 by introducing a common offset, as illustrated in Figure 9. For example, if the repetition number K = 4, and the symbol allocation as indicated in DCI is PDSCH mapping type B and [S= 2, L=2]. With a configured offset = 3 symbols (it can be 1 symbol if it is defined as the gap between PDSCHs), the rest 3 repetitions occupies the OFDM symbols [S=5, L=2], [S=8, L=2], [S=11, L=2] respectively. Considering the urgency and reliability requirement of URLLC, the configurable offset may be needed to reduce the chance of collision between the repetitions of mini-slot based PDSCH and others periodical or semi-persistently transmitted reference signals (e.g. CSI-RS). In addition to symbol offset, it may be worth considering the frequency offset to obtain the frequency diversity gain.
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Figure 9 Example of TD-RA indication method for scheme 3
One more issue to discuss is about scheduling offset between two consecutive transmission occasions within a slot. Under M-TRP cooperation, it is possible that UE has 6dB difference of receiving SNR from 2 different TRPs, which is caused by different path loss. In this case, the AGC circuit at the receiver may need several microseconds to adjust, otherwise, the signals could be distorted due to the large power fluctuation. It may cause problem in scheme 3, where two transmission occasions may allocated in continuous OFDM symbol locations. For example, if the offset in Figure 10 is set to 2, then the time domain resource allocation is shown in Figure 10. The AGC adjustment may last a few microseconds, which can affect the first symbol reception at each transmission occasion. As the DMRS is usually allocated in the first symbol, the channel estimation can be degraded without proper AGC if the difference of receiving power from 2 TRPs is relatively large. Therefore, the scheduling offset between two consecutive transmission occasions should consider the possible AGC adjustment time. 
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Figure 10 Illustration of AGC impact for continuously allocated transmission occasions for scheme 3
Based on above analysis, we have the following proposals:

Proposal 10: Support the following configurations of scheme 3/4
· Maximum repetition number K = 4 for scheme 3, and K=4 for scheme 4. 

· A pre-defined association rule for TCI states and transmission occasions is needed.
· Consider to reuse TCI states indication mechanism used for eMBB M-TRP with up to 2 TCI states per TCI codepoint in DCI.

· For time domain resource allocation of scheme 3, introduce a symbol-level offset in addition to Rel-15 indication method in order to indicate the gap between starting symbol positions of two consecutive transmission occasion. 

Other enhancement for PDSCH can also be considered, e.g. combined schemes. Basically, the TDM scheme can be combined with any other schemes. However, the drawback of TDM scheme is the latency and inefficient resource utilization. It can be balanced by the combined schemes of SDM+TDM. The TDM schemes of 3 and 4 provides two options to combine with scheme 1a, which probably is dependent on latency requirements. On the other hand, it is also possible to support the combined scheme of 3 and 4. For example, assume the TB is to be repeated 4 times. By using scheme 3 only, the PDSCH symbol length for each repetition is limited to 2. By using scheme 4 only, the latency is 4 slots. Thus, a combined scheme 3 and 4 can support 4 repetitions with more flexible scheduling and better latency performance.  
3.2  Enhancement for PDCCH/PUSCH/PUCCH
The reliability/robustness enhancement with Multi-TRP/Panel for PDCCH, PUSCH and PUCCH was also for study. For PDCCH, with the same number of total CCEs, PDCCH repetition with a lower AL from multiple TRPs using with soft combining has higher reliability than PDCCH using higher AL without repetition, due to spatial diversity [10]. Moreover, the repetition combined by soft combining can outperform that without soft combining and the higher AL PDCCH without repetition [9]. For PUSCH, to improve the reliability/robustness of PUSCH repetition, precoder-cycling of multiple precoders can be considered for PUSCH slot aggregation [7]. 
4 Design for single PDCCH based multi-TRP/Panel transmission

It was agreed that when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1. 
Firstly, DMRS type 2 should be supported. DMRS type is configured in RRC by dmrs-Type. Therefore, targeting dynamic switching between single TRP and NCJT, supporting DMRS type 2 in M-TRP would better allow this flexibility. For example, when an UE in S-TRP is configured as DMRS type 2, the UE would switch to M-TPR operation through RRC reconfiguration of DMRS type 1, if DMRS port indication of DMRS type 2 for M-TRP is not supported.
Secondly, 3 CDM groups are needed to be supported for DMRS type 2 in M-TRP, which is beneficial for flexible layer scheduling. For example, for DMRS type 2 with 1 symbol, 3 CDM groups are essential to support total layer numbers as 4 (1+3), 5, 6, since each CDM group only has 2 DMRS ports. 

Then, if two TCI states are indicated for DMRS type 2, to minimize Spec. impacts and not increase TCI bit size, ports in CDM group 1 and 2 can be grouped together and associated with one TCI state. In this way, different layer combinations between TRPs could be dynamically supported without adding Rel-15 TCI sizes. 
Proposal 11: For DMRS type 2, if two TCI states are indicated, DMRS ports in CDM group 0 corresponds to the first TCI state of that TCI code point and the rest DMRS ports corresponds to the second TCI state.
Moreover, such dynamic TCI switching method can apply to layer combination switching as well. A detailed example is given in Figure 11, where DMRS type 2 with 1 symbol is considered but the design works for all DMRS patterns. It could be found that be switching TCI code point 000 and 001, layer combinations of 2+1 and 1+2 between TRP1 and TRP2 could be dynamically switched by the same DMRS ports {0,1,2}. For TCI code point 000 with DMRS ports as {0, 1, 2}, TRP1 will use {0, 1} associated with TCI state#1 and TRP2 will use {2} associated with TCI state#2. On the other hand, when TCI code point 001 is indicated, with the same DMRS ports as {0, 1, 2}, TRP1 will use {2} for transmission associated with TCI state#4 while TRP2 will use {0, 1} associated with TCI state#3. Here TCI state#1 and #4 are for TRP1 QCL tracking, i.e. indicating TRS1, and TCI state#2 and #3 are for TRP2 QCL tracking, i.e. indicating TRS2.
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Figure 11 Example of layer combinations between TRPs by switching TCI code point
Therefore, there’s no need to include functionally replicate entries in table for supporting layer combinations of the same total layer, e.g., no need to support both 1+2 and 2+1 in DMRS table. 
More importantly, it has been already supported in LTE Rel-15 as FeCoMP feature where the layer combinations between TRPs can be implemented by configuring parameter sets (PQI) to different TPRs when qcl-Operation is set to 'typeC'. For example, use code point ‘00’ as {Parameter set#1 (TRP1), Parameter set#2 (TRP2)} for 1+2, and use code point ‘01’ as {Parameter set#3 (TRP2), Parameter set#4 (TRP1)} for 2+1.  Thus implementing layer combinations between two TRPs by TCI indication in NR Rel-16 is more straightforward.
Proposal 12: Support layer combination indication of two TRPs, i.e. 1+1, 1+2, and 2+2, whereas symmetrical layer indication, e.g. 2+1, can be implemented by different TCI state configuration and indication.
Moreover, only supporting SU case in M-TRP is a very strong restriction for network. If an UE can be only scheduled as SU in M-TRP scenario, then the resource used by M-TRP UE cannot be re-scheduled for any S-TRP UEs of each coordinated TRP, which will highly influence the scheduling flexibility and reduce the total spectrum efficiency. This effects will become more severe with more M-TRP UEs and more coordinated TRPs. Note that M-TRP could also be used in middle network loading scenario, e.g., 40%~60% RU, and considerable gain can be observed from companies contributions. Therefore, the MU paring case of M-TRP UE and S-TRP UE is necessary, e.g., UE1 from TRP1 and TRP 2 and UE 2 from TRP 1. On the other hand, one may consider that the resource used by M-TRP SU UE can be still scheduled for S-TRP UE with gNB implementation, which, however, will certainly reduce the performance of M-TRP UE since it is assumed not to cancel interference from other ports.

Furthermore, for the MU pairing case between M-TRP UEs, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP2, it could provide much more flexibility of network scheduling and is beneficial for network performance. Note that in LTE Rel-15, the case of MU pairing between NC-JT UEs have been already supported, as shown in Table 1, where two rank-2 M-TRP UEs can be paired by value 2 and value 4 (in yellow) or by value 3 and value 5 (in blue). Therefore, it is straightforward to support MU case between M-TRP UEs in Rel-16 NC-JT.

Table 1 DMRS port indication table in LTE Rel-15 NC-JT for DCI format 2D (Table 5.3.3.1.5D-2 in 36.212)
	Two Codewords 

	Value
	Message

	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	3 layers, ports 7,9,10

	7
	4 layers, ports 7-10

	8
	5 layers, ports 7,8,9,10,12

	9
	6 layers, ports 7,8,11,9,10,12

	10
	7 layers, ports 7,8,11,9,10,12,14

	11
	8 layers, ports 7,8,11,13,9,10,12,14

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


Therefore, both of the MU cases should be considered. 
Proposal 13: Support MU pairing cases at least,  (1) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 or TRP 2  (2) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 and TRP 2.
Detailed DMRS table examples are given in [11].
5 Conclusion

This contribution gives general considerations on multiple PDCCH design, reliability/robustness transmission based on multiple TRPs and single PDCCH design. In summary, the following proposals and observations are made.

For DL design for M-DCI NCJT in Rel-16, we have the following observation and proposals: 

Observation 1: It is up to the NW implementation to configure multiple CORESETs with orthogonal frequency resources or different scrambling IDs for TRPs. 
Proposal 1: Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, if more than 3 CORESETs are configured. 

Proposal 2: Study the enhancement of CORESET design/configurations or restrictions to reduce PDCCH detection complexity for M-DCI NCJT, i.e. by configuring multiple CORESET groups each of which corresponds to one TRP.

Proposal 3: Support two dataScramblingIdentityPDSCHs per BWP configured by RRC, and each dataScramblingIdentityPDSCH is associated with a CORESET group.
For UL design for M-DCI NCJT in Rel-16, we have the following observations and proposals: 

Observation 2: From the UE perspective, the UE is expected to transmit TDMed PUCCH within a slot to convey separated HARQ-ACK feedback with separated HARQ-ACK codebook for two TRPs. Implicit PUCCH resource grouping mechanism can be left to NW implementation to ensure TDMed PUCCH transmission at the UE side. 
Observation 3: With multiple power control parameters configured by SpatialRelationInfoId, different power control can be applied to PUCCHs individually targeting at different TRPs. 

Observation 4: The UE behavior of collision between PUSCH and PUCCH need to be clarified, for M-DCI based NCJT.  
Proposal 4: Support constructing separated HARQ-ACK codebooks according to received DAIs and CORESET group(s), whereas each CORESET group corresponds to one TRP.
Proposal 5: To address multiplexing HARQ-ACK/CSI in one slot for M-DCI based NCJT, the UE can establish the linkage/association by configuring one or two CORESET group ID(s) in CSI report(s). 
For a given slot, the UE multiplexes CSI report(s) to the HARQ-ACK information, only if the CSI reporting configuration can be associated to the same CORESET group ID as the PDCCH, otherwise the UE drops that CSI reporting. 
Proposal 6: In order to maintain the same maximum buffer size as Rel-15 and not increase the number of DCI bits, HARQ process for multi-DCI based multi-TRP/panel transmission should be implicitly increased to 32 by using, e.g. CORESET group ID, to distinguish HARQ processes for scheduled PDSCHs at the UE side.  

Proposal 7: For M-DCI based NCJT transmission, the order of PDSCH scheduling/HARQ defined in Rel-15 can be applied, only if scheduling/HARQ from the same CORESET group, otherwise restrictions are not applied from the UE perspective. 
For Reliability/Robustness enhancement with Multi-TRP/Panel transmission, we have the following proposals: 

Proposal 8: FDM schemes in Rel-16 has lower priority for M-TRP based URLLC.  
Proposal 9: Support the following configurations of scheme 1a
· Ns = 2 (or number of TRP = 2)
· Layer combinations between TRPs can be flexible, where the total layers are up to 4.

Proposal 10: Support the following configurations of scheme 3/4
· Maximum repetition number K = 4 for scheme 3, and K=4 for scheme 4. 

· A pre-defined association rule for TCI states and transmission occasions is needed.
· Consider to reuse TCI states indication mechanism used for eMBB M-TRP with up to 2 TCI states per TCI codepoint in DCI.

· For time domain resource allocation of scheme 3, introduce a symbol-level offset in addition to Rel-15 indication method in order to indicate the gap between starting symbol positions of two consecutive transmission occasion. 

For S-DCI NCJT, we have the following proposals: 
Proposal 11: For DMRS type 2, if two TCI states are indicated, DMRS ports in CDM group 0 corresponds to the first TCI state of that TCI code point and the rest DMRS ports corresponds to the second TCI state.
Proposal 12: Support layer combination indication of two TRPs, i.e. 1+1, 1+2, and 2+2, whereas symmetrical layer indication, e.g. 2+1, can be implemented by different TCI state configuration and indication.
Proposal 13: Support MU pairing cases at least,  (1) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 or TRP 2  (2) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 and TRP 2.
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