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Introduction
In RAN1 AH-1901 meeting, the following agreements were made for enhancements on multi-TRP/panel transmission [1]:
	Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching

Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· 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 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.



This contribution provides Samsung’s views on each topic above.
[bookmark: _Ref534902691]PDSCH scheduling restriction/indication for NC-JT
1 
2 
The number of MIMO layers (per PDSCH / across all coordination TRPs)
In NR a single codeword (CW) related with various aspects of the specification such as channel coding, CSI framework, etc., should be tied with a single CQI/MCS. Therefore, taking into account the limited TU in Rel-16 it seems quite natural to support up to two coordination TRPs especially in case of single PDCCH case unless larger than two CWs can be allocated by a single PDCCH. In this case, more than four MIMO layers per CW (or per PDSCH) for NC-JT should not be supported.
[bookmark: _GoBack]On the other hands, multiple PDCCH may provide additional gain from > 2 coordination TRPs. As shown by our companion contribution [2], average UPT gain from NC-JT with up to 3 coordination TRPs is 15~20% higher than that with up to 2 coordination TRPs when the number of UE antennas is large enough. Given that these non-negligible gain can be obtained without large amount of specification/implementation effort, at least up to 3 TRPs with multiple PDCCH based NC-JT should be feasible and supported. Any concerns on the additional UE complexity for receiving more than 2 CWs can be handled by UE capability signalling, which will be treated in the later phase.
Proposal 1. Up to three CWs with no more than 4 MIMO layers per CW can be allocated simultaneously for a UE in case of multiple PDCCH based NC-JT.
· FFS, corresponding UE capability signalling
PDSCH time and frequency resource allocation
Although it is obvious that fully flexible time and frequency resource allocation per PDSCH may improve the network throughput, the trade-off between throughput and other aspects such as UE implementation complexity or signalling overhead should be taken into account as well. For instance, there could be more than 15% mean and 95% UPT gains from NC-JT with partially overlapped PDSCHs in the frequency domain (Alt.1 in the agreements) over NC-JT with fully/non-overlapped PDSCHs (Alt.2 in the agreements) as shown in our companion contribution [2]. In case of multiple PDCCH based NC-JT, the network can benefit from the throughput gain from flexible frequency domain resource allocation (FD-RA), if the DCI from each PDCCH has its own FD-RA field. If such flexibility is a bit burdensome for UE implementation, it can be considered to introduce UE capability signalling to indicate whether the UE supports flexible FD-RA (i.e. partially overlapped PDSCH for NC-JT) or not.
Regarding time domain resource allocation (TD-RA), whether/how to handle the three parameters (PDSCH mapping type, SLIV, and k0 across PDSCHs) should be carefully considered since these values affect gNB/UE implementations including PDSCH/DMRS RE mapping, interference management, etc. For example, proper SLIV values to ensure the same DMRS RE patterns across all PDSCHs should be the starting point for both single PDCCH and multiple PDCCH based NC-JT for ease of UE implementation on DMRS channel estimation. On the other hand, different PDSCH mapping types across PDSCHs can be further investigated considering various operation scenarios like URLLC support, PDCCH load balancing, etc.
For the additional restriction on BWP switching, the existing clarifications as referred by Table 1 seem enough since they are generally applied for any transmission/reception of RSs/channels during the BWP switching duration.
[bookmark: _Ref769303]Table 1. The existing restriction on BWP switching in TS38.213
	A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP change or UL BWP change [10, TS 38.133]. 
If a UE detects a DCI format 1_1 indicating an active DL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 1_1 in a scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 1_1.
If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.
A UE does not expect to detect a DCI format 1_1 indicating an active DL BWP change or a DCI format 0_1 indicating an active UL BWP change for a cell in a slot other than the first slot of a set of slots for the SCS of the cell that overlaps with a time duration where the UE is not required to receive or transmit for an active BWP change in a different cell.
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot. 



Proposal 2. On the resource allocation for NC-JT PDSCHs, support Alt.3 (flexible RA with restrictions on DMRS) for multiple PDCCH based NC-JT
Consider to support mixed PDSCH mapping types across PDSCHs at least for multiple PDCCH.
Consider to introduce UE capability signalling to indicate whether the UE supports partially overlapped PDSCH for NC-JT or not.

Observation 1. The current specification on BWP switching works for NC-JT scenarios as well.
PDSCH scrambling
Since the PDSCH scrambling in Rel-15 does not support dynamic sequence change for data transmission, interference randomization across NC-JT PDSCHs cannot be done for most cases. Given that the UE does not assume any dependency amongst the multiple PDCCHs for the purposes of PDCCH detection, the lack of interference randomization between NC-JT PDSCHs may cause significant performance degradation especially if UE misses one of PDCCH for NC-JT scheduling. Enhancement on cinit for PDSCH scrambling by adding a term dependent on one of DCI contents such as HARQ process number for the corresponding CW could be a simple solution for this.
Proposal 3. Enhance the cinit for PDSCH scrambling, e.g. by adding a term with the value from DCI contents such as an HARQ process number for the corresponding CW.
UCI/CSI/RS design for NC-JT
3 
HARQ ACK/NACK enhancements
As the first step to study HARQ ACK/NACK enhancements for NC-JT, which include HARQ-ACK codebook design, PUCCH resource allocation, etc., it would be beneficial to list possible operation scenarios. Under the understanding that support of multiple PUCCH for higher reliability is in the work scope, the following four options are available as depicted in Figure 1:
Option 1 (Single PDCCH and single PUCCH): Single PDCCH schedules multiple PDSCHs where separate CWs are transmitted from separate TRPs. Also, it is expected that HARQ-ACK information is transmitted to the serving TRP with joint HARQ-ACK payload. This scenario is the base line for single PDCCH based NC-JT.
Option 2 (Multiple PDCCH and single PUCCH): Multiple PDCCHs schedule each PDSCH respectively where each PDSCH is transmitted from a separate TRP. HARQ-ACK information can be transmitted to the serving TRP with joint HARQ-ACK payload. This scenario could be beneficial to reduce UL PUCCH resource overhead and/or UE complexity to transmit different PUCCHs potentially associated with different spatial relation information. One potential issue from this option is that Type-2 HARQ-ACK codebook (dynamic CB) has no redundancy for NC-JT case since codebook size is managed by DAI in DCI.
Option 3 (Multiple PDCCH and multiple PUCCH): Multiple PDCCHs schedule each PDSCH respectively where each PDSCH is transmitted from a separate TRP. HARQ-ACK transmissions to the different TRPs are scheduled in the same slot (different OFDM symbols or different antennas/panels). One potential issue from this option is how to indicate/determine multiple PUCCH resources under the given restriction(s). For instance, allocating two different PUCCH resource associated with different spatial relation information on the same OFDM symbol will not be proper to single panel UEs.
Option 4 (Single PDCCH and multiple PUCCH): Single PDCCH schedules multiple PDSCHs where separate CWs are transmitted from separate TRPs. HARQ-ACK transmissions to the different TRPs are scheduled in the same slot (different OFDM symbols or different antennas/panels). This scenario can be considered for higher reliability for UL transmission but has no clear use cases for eMBB. One potential issue from this option is how to indicate/determine multiple PUCCH resources under the given restriction(s), if any.
Proposal 4. Support the following options at least for HARQ ACK/NACK feedback of NC-JT for eMBB:
Option 1: Single PDCCH and single PUCCH (supported from Rel-15)
Option 2: Multiple PDCCH and single PUCCH
Option 3: Multiple PDCCH and multiple PUCCH (already agreed to support)
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[bookmark: _Ref534905040]Figure 1. Examples of possible PDCCH/PDSCH/PUCCH relationships for NC-JT
UCI/CSI enhancements
CSI for NC-JT can be categorized into two.
· PMI codebook-based: CSI for each TRP comprises a subset or all of {CRI, RI, PMI, LI, CQI}, where each of {CRI, RI, LI} is reported WB and each of {PMI, CQI} is reported either WB or per SB.
· Non-PMI feedback: CSI for each TRP comprises {CRI, RI, CQI}, where each of {CRI, RI} is reported WB and CQI is reported WB or per SB.
Note that RI for a TRP can be zero (indicating CSI is not reported for that TRP), and the overall RI (total number of layers) equals the sum of RIs for all TRPs.
The Rel. 15 CSI reporting can be the starting point for the above two CSI categories for NC-JT. In particular, the following non-PMI feedback based on 1-port CSI-RS resources can be considered: CSI for each TRP comprises {CRI, CQI}, where CRI is reported WB and CQI is reported WB or per SB. Note that CRI for a TRP can be zero (indicating zero resource selection, i.e., CSI is not reported for that TRP). Also, CRI can be reported independent per TRP or joint across TRPs. Note that the overall RI (total number of layers) is not reported, and equals the number of resource(s) indicated via CRI(s). An important use case for such non-PMI feedback for multi-TRP is when there are large number of TRPs, each with small number of ports (e.g. 1), which is relevant for FR2 and URLLC scenarios, potentially with channel reciprocity.
Two-part UCI in Rel-15 can be extended for NC-JT from N≥2 TRPs. The main reason for two-part UCI in Rel. 15 is to handle the issue of large CSI payload variation with RI or/and number of CSI reports. For NC-JT, the same issue (large CSI payload variation) exists, and is more involved due to the fact that number of layers (CRI/RI per TRP) needs to be reported for each TRP, where CRI/RI per TRP can even be zero (indicating zero layer from that TRP). Note that the number of layers from a TRP can be zero due to poor channel conditions when compared with other TRPs. This may happen due to channel blockage, large interference, etc. Also, the number of layers (across N TRPs) that UE can receive simultaneously is a UE capability, and the UE may not be capable of receiving PDSCHs from all N TRPs simultaneously. 
A simple solution to handle this issue is extension of two-part UCI to multi-TRP. For example, UCI comprises two parts (UCI#1, UCI#2), where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI2. Note that (2) determines the payload of UCI2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.
As an example, the partial CSI (included in UCI#1) corresponds to the CSI for one TRP, and the remaining CSI (included in UCI#2) corresponds to CSI for remaining TRPs.
Proposal 5. Support the following CSI feedback for NC-JT:
· {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources, where CRI can indicate zero resource selection, and number of layers (RI) equals number of resource(s) indicated via CRI(s)
Proposal 6. Extension two-part UCI = (UCI#1, UCI#2) in Rel-15 for NC-JT, where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI#2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.
Other enhancements on single PDCCH based NC-JT
1. 
1. 
1. 
1. 
7. TCI signalling enhancements
In RAN1 AH-1901 meeting, it was agreed that each TCI code point in a DCI can be mapped with 1 or 2 TCI states but details on TCI field in DCI and associated MAC-CE signalling are remained for further study. Regarding the required MAC-CE signalling enhancements, it is preferred to send an LS to RAN2 to update the MAC-CE signalling structure rather than discuss further details in RAN1. On the TCI field in DCI, it should be carefully studied whether larger payload for TCI field is essential or not taking into account other aspects such as PDCCH coverage. For the non-coverage-limited cases, more flexibilities via two-level DCIs can be considered as discussed in the following section.
Proposal 7. Send an LS to RAN2 to request MAC-CE signalling update to map up to 2 TCI states for a TCI code point in a DCI.
PDCCH design for NC-JT
8 
Although flexible dynamic indication on RA, TCI, and/or MCS, etc., can provide higher performance gains, it is more or less impossible to have such flexibility in case of single PDCCH based NC-JT due to the PDCCH coverage. However, at least for the non-coverage-limited UEs a similar way with multiple PDCCH based NC-JT can be applied for single PDCCH cases as well. For instance, multiple PDSCH for NC-JT can be allocated by two-level DCI (DCI1, DCI2). In this example, the first-level DCI (DCI1) contains the TRP-specific information for the first TRP (e.g. MCS and HARQ related info.) and shared information across TRPs (e.g. CFI or BWP indication). On the other hand, the second-level DCI (DCI2) indicates the TRP-specific information for the other cooperative TRPs. This is akin to two-part UCI in Rel. 15. For instance, the payload of DCI1 can be fixed and that of DCI2 can change dynamically. The information about payload (e.g. number of TRPs) of DCI2 can be included in DCI1. The UE decodes DCI1, and upon successful decoding, knows the payload of DCI2.
Proposal 8: Support two-level DCIs for single PDCCH based NC-JT at least for non-coverage-limited UEs
NC-JT for URLLC
PDSCH enhancements
In RAN1 AH-1901 meeting, it was agreed to study the following repetitive transmission schemes for multi-TRP and further down-selection, namely i) SDM, ii) FDM, iii) mini-slot based TDM, and iv) slot-aggregation based TDM. Considering the limited time unit allocation for this WI, it seems appropriate to prioritize one or two schemes first based on the performance and specification efforts aspects. Our view on the priorities of the above schemes and further discussion points are listed in the followings:
· SDM has high priority since it can readily reuse the same or similar solutions for eMBB NC-JT, such as TCI indication framework for single PDCCH. Further discussion points for SDM can be: whether/how to inform the UE of dynamic ON/OFF of SDM based repetition.
· FDM has low priority unless multiple PDCCH based NC-JT can be adopted for URLLC use cases. In the case of single PDCCH based NC-JT, FDM should address numerous issues those have not been treated in eMBB cases. For instance, there will be a bunch of ways to allocate non-overlapping frequency resource for each TRP, e.g. with fixed allocation pattern or flexible allocation, and inform it to UE. Therefore, it seems better to revisit these issues after deciding the details on frequency domain resource allocation for eMBB NC-JT.
· Mini-slot based TDM has low priority. It is preferred to have further study on this when the required specification on slot-aggregation based TDM is done first.
· Slot-aggregation based TDM has high priority since there is a good starting point based on the PDSCH slot aggregation from Rel. 15. Further discussion points for slot-aggregation based TDM can be: e.g. 1) how to indicate TRP for each repetition, and 2) restrictions on MCS and RV for each TRP/repetition, etc.
Proposal 9. Study SDM and slot-aggregation based TDM for URLLC use cases on the following issues:
· Whether/how to inform the UE of dynamic ON/OFF of SDM based repetition
· How to indicate TCI states for slot-aggregation based repetition
· Restrictions on MCS and RV for slot-aggregation based repetition
PDCCH enhancements
For the sake of URLLC support, several existing solutions such as packet duplication from higher layer can be adopted for data transmission. However, the reliability and robustness of the current control channel still can be the bottleneck for network performance. One simple solution for this issue is support of DCI repetition through multi-beam/-TRP operation such as beam sweeping for PDCCH without dynamic signalling for both CSS and USS.
For instance, the specification can enable a UE to use beam pair link information obtained from the SS block detection for CSS beam sweeping as depicted by Figure 2. The UE may assume that the PDCCH in an OFDM symbol in the CORESET is QCL’ed with an SS block in the spatial parameters, so that the UE can use an Rx beam set that the UE used for SS block detection for the PDCCH reception in the corresponding OFDM symbol in the CORESET. In this approach, multiple CORESETs (can have same configuration) that correspond to the transmitted SS blocks are configured and a UE can assume that PDCCH in a CORESET is QCL’ed with an SS block in the spatial parameters.


[bookmark: _Ref525842272]Figure 2. Multi-beam transmission based on beam sweeping for UE-common control channel
Analogous with CSS, reliability and robustness of DCIs in USS can be enhanced by utilizing multi-beam/-TRP operations. Although the current specification supports dynamic PDCCH beam change via MAC CE signalling, support of monitoring occasion-level change of TCI state while transmitting the same DCI contents for a given time duration still can be beneficial to achieve higher reliability and robustness without higher layer signalling overhead.
Proposal 10. Support beam sweeping for PDCCH without dynamic signalling.
9 
10 
11 
12 
Conclusions
13 
In this contribution, Samsung’s view on remaining issues on multi-TRP/-panel is presented. The following proposals and observations are made:
Observation 1. The current specification on BWP switching work for NC-JT scenarios as well.
Proposal 1. Up to three CWs with no more than 4 MIMO layers per CW can be allocated simultaneously for a UE in case of multiple PDCCH based NC-JT.
· FFS, corresponding UE capability signalling
Proposal 2. On the resource allocation for NC-JT PDSCHs, support Alt.3 (flexible RA with restrictions on DMRS) for multiple PDCCH based NC-JT
Consider to support mixed PDSCH mapping type across PDSCHs at least for multiple PDCCH.
Consider to introduce UE capability signalling to indicate whether the UE supports partially overlapped PDSCH for NC-JT or not.
Proposal 3. Enhance the cinit for PDSCH scrambling, e.g. by adding a term with the value from DCI contents such as HARQ process number for the corresponding CW.
Proposal 4. Support the following options at least for HARQ ACK/NACK feedback of NC-JT for eMBB:
Option 1: Single PDCCH and single PUCCH (supported from Rel-15)
Option 2: Multiple PDCCH and single PUCCH
Option 3: Multiple PDCCH and multiple PUCCH (already agreed to support)
Proposal 5. Support the following CSI feedback for NC-JT:
· {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources, where CRI can indicate zero resource selection, and number of layers (RI) equals number of resource(s) indicated via CRI(s)
Proposal 6. Extension two-part UCI = (UCI#1, UCI#2) in Rel-15 for NC-JT, where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI#2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.
Proposal 7. Send an LS to RAN2 to request MAC-CE signalling update to map up to 2 TCI states for a TCI code point in a DCI.
Proposal 8: Support two-level DCIs for single PDCCH based NC-JT at least for non-coverage-limited UEs
Proposal 9. Study SDM and slot-aggregation based TDM for URLLC use cases on the following issues:
· Whether/how to inform the UE of dynamic ON/OFF of SDM based repetition
· How to indicate TCI states for slot-aggregation based repetition
· Restrictions on MCS and RV for slot-aggregation based repetition
Proposal 10. Support beam sweeping for PDCCH without dynamic signalling.
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