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Introduction
In RAN1#95 meeting, the following agreements were made for enhancements on multi-TRP/panel transmission [1]:
	Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB

Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 

Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case


This contribution provides Samsung’s views on each topic above.
[bookmark: _Ref534902691]PDSCH scheduling restriction/indication for NC-JT
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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.
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, 3 or 4 TRPs with multiple PDCCH based NC-JT should be feasible and supported.
Proposal 1. A single TRP can be allocated with a single CW.
Up to two CWs with no more than 4 MIMO layers per CW can be allocated simultaneously for a UE in case of single PDCCH based NC-JT.
Up to three or four 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.
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 over NC-JT with fully overlapped PDSCHs 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. However, supporting fully flexible FD-RA for single PDCCH based NC-JT results in more than 15-bit payload of DCI, which may cause significant degradation of PDCCH coverage. 
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, the same SLIV value 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.
Proposal 2. On the frequency domain resource allocation for NC-JT PDSCHs,
Support full flexibility for multiple PDCCH based NC-JT, and
Support partially overlapped PDSCHs for single PDCCH based NC-JT under comparable DCI payload with Rel-15.
Proposal 3. On the time domain resource allocation for NC-JT PDSCHs,
The same SLIV value across all PDSCHs is the starting point for both single and multiple PDCCH, and
Consider to support mixed PDSCH mapping type across PDSCHs at least for multiple PDCCH.
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. Enhancement on cinit for PDSCH scrambling by adding a term depends on one of DCI contents such as HARQ process number for the corresponding CW could be a simple solution for this.
Proposal 4. 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.
PDCCH design for NC-JT
3 
We propose the following two options for single PDCCH and multiple PDCCH based NC-JT, respectively, based on the discussions in Section 2:
· Hierarchical (two-level) DCIs for single PDCCH based approach: In this example, multiple PDSCH for NC-JT can be allocated by two-level DCI (DCI1, DCI2). For instance, 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.
· CA-like approach for multiple PDCCH based approach: In this case, multiple DCIs with the same format can allocate multiple PDSCH for NC-JT analogous to CA but within the same carrier and BWP.
Possible options including the above candidates need to be compared taking into account both UE blind decoding complexity and performance aspects.
Proposal 5: At least the following options are considered to support NC-JT:
· Two-level DCIs for single PDCCH
· CA-like approach for multiple PDCCH
UCI/CSI/RS design for NC-JT
4 
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.
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. 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 resource under the given restriction(s), if any.
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). One potential issue from this option is how to indicate/determine multiple PUCCH resource under the given restriction(s), if any.
It is preferred to down-select among the options above taking into account the limited TU in Rel-16.
Proposal 6. It is preferred to down-select among the following options for HARQ ACK/NACK enhancements:
Option 1 (Single PDCCH and single PUCCH)
Option 2 (Multiple PDCCH and single PUCCH)
Option 3 (Multiple PDCCH and multiple PUCCH)
Option 4 (Single PDCCH and multiple PUCCH)
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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 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 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 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 PDSCH from all N TRPs simultaneously. 
A simple solution to handle this issue based on 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 CSI for one TRP, and the remaining CSI (included in UCI#2) corresponds to CSI for remaining TRPs.
Proposal 7. 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 8. 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.
NC-JT for URLLC
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 1. 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 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 support 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 9. Support beam sweeping for PDCCH without dynamic signalling.
5 
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Conclusions
9 
In this contribution, Samsung’s view on remaining issues on multi-TRP/-panel is presented. The following proposals and observations are made:
Proposal 1. A single TRP can be allocated with a single CW.
Up to two CWs with no more than 4 MIMO layers per CW can be allocated simultaneously for a UE in case of single PDCCH based NC-JT.
Up to three or four 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.
Proposal 2. On the frequency domain resource allocation for NC-JT PDSCHs,
Support full flexibility for multiple PDCCH based NC-JT, and
Support partially overlapped PDSCHs for single PDCCH based NC-JT under comparable DCI payload with Rel-15.
Proposal 3. On the time domain resource allocation for NC-JT PDSCHs,
The same SLIV value across all PDSCHs is the starting point for both single and multiple PDCCH, and
Consider to support mixed PDSCH mapping type across PDSCHs at least for multiple PDCCH.
Proposal 4. 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 5: At least the following options are considered to support NC-JT:
· Two-level DCIs for single PDCCH
· CA-like approach for multiple PDCCH
Proposal 6. It is preferred to down-select among the following options for HARQ ACK/NACK enhancements:
Option 1 (Single PDCCH and single PUCCH)
Option 2 (Multiple PDCCH and single PUCCH)
Option 3 (Multiple PDCCH and multiple PUCCH)
Option 4 (Single PDCCH and multiple PUCCH)
Proposal 7. 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 8. 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 9. Support beam sweeping for PDCCH without dynamic signalling.
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