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Introduction
In RAN#81 meeting, it was agreed to have the following objectives for enhancements on multi-TRP/panel transmission [1]:
	· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI


This contribution provides Samsung’s views on each topic above.
DCI design for NC-JT
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Single DCI vs. multiple DCIs
One of bottleneck in support of NC-JT is how to inform UE the enlarged DCI to allocate more than one PDSCH transmitted from different TRPs or panels. Basically various proposals those have been discussed from NR SI can be categorized as follows; 1) Design a single DCI that contains all information on the multiple PDSCH for NC-JT, 2) Design multiple DCIs, where each DCI includes a part of information on the multiple PDSCH for NC-JT. Although RAN1 has old agreements to support both single DCI and multi-DCI based approaches above, it needs to be carefully re-considered what should be the starting point based on the well-defined NR phase 1 system to avoid having redundant features as well as to reduce specification efforts.
[bookmark: _GoBack]In our view, multi-DCI based approach is a super set of single DCI based approach in the perspectives of flexibility and performance at the cost of UE complexity for potential multiple PDCCH decoding, which had been well discussed through several agendas such as CA. Given that the single DCI based approach will inherently recall a bunch of tiny impacts such as RS grouping, CW-to-layer mapping, as well as DCI design itself, we believe multi-DCI based approach shall be the starting point for NC-JT support. Single DCI based approach can be considered at the later phase of this WI, if a specific operation scenario or a clear benefit could be clarified.
Proposal 1. Multi-DCI based approach is the starting point for NC-JT support.
Multiple DCI design details
Various options for the exact contents/information conveyed by multiple DCIs for NC-JT can be considered according to the deployment scenarios as follows:
· Hierarchical (two-level) DCIs: 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: 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 2: At least the following options are considered for multiple DCI to support NC-JT
· Two-level DCIs
· CA-like approach
UCI/CSI/RS design for NC-JT
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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 3. 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 4. 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.
RS enhancements
As discussed in Rel-15, a bunch of specification impacts on RS including QCL aspects are expected to support single DCI based NC-JT. For instance, at least the following issues should be discussed: 
· RS port grouping for CSI-RS/DMRS/PTRS and the corresponding QCL signalling or indication methods
· How to handle power boosting of CSI-RS/DMRS/PTRS
However, since the current specification already covers dynamic signalling on CSI-RS/DMRS/PTRS per TRP/beam per DCI, it seems that the current framework still works well for multi-DCI based NC-JT.
Observation 1. Rel-15 RS and QCL framework fits well with multi-DCI based NC-JT.
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 1. 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 5. Support beam sweeping for PDCCH without dynamic signalling.
Evaluation methodology
During LTE FeCoMP SI/WI it had been shown that NC-JT is beneficial for specific use cases/scenarios such as low traffic load, 4Rx UEs, etc, as captured in the following agreements:
	Agreements:
· Capture in TR the following conclusions:
· NC-JT can increase system user experience 
· NC-JT is generally more beneficial when the network experiences lower traffic load
· NC-JT is generally more beneficial in user perceived throughput for 50%-tile and 95%-tile of UE perceived throughput distribution, compared to other UEs
· NC-JT is generally beneficial for 4Rx UEs
NOTE: Gain is also observed for 2Rx UEs in one set of results


To see an enough number of results from various companies on each scenario for valid comparison, it would be better if companies can focus on the pertinent scenarios or use cases especially in the following perspectives:
· Channel model & coordination cluster size: Backhaul condition and coordination cluster size are highly correlated. For instance, all TRPs in indoor hotspot comprising small/dense network usually connected by optical fiber can be considered as a single coordination cluster. On the other hands, limited number of TRPs, e.g. two TRPs, in urban micro environments where usually assumes non-ideal backhaul is preferable for a single coordination cluster. 
· Traffic load: Evaluation efforts should be concentrated on the main use case of NC-JT. Low traffic load is one of basic condition to support a single UE by using multiple TRPs. Low (~5%, ~%20) RU or med (~40%) RU cases need to be investigated first. 
· 4Rx UE antennas: Taking into account UE antenna correlations, larger than 2 UE antennas should be considered to receive more than 2 MIMO layers from different TRPs/panels. Given that 4Rx UE antennas are mandatory for given frequency range, it is recommended to first priority on 4Rx UEs for NC-JT evaluation. Other numbers of UE antennas such as 2 or 8 also can be considered optionally.
Proposal 6: Focus on the pertinent scenarios such as
· Channel model: Indoor hotspot, Urban micro
· Traffic load: Low (~5%, ~20%) and med (~40%)
· Coordination cluster size: All TRPs for InH, 2 TRPs based on RSRP for UMi
· 4RX UE antennas
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Conclusions
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In this contribution, Samsung’s view on remaining issues on multi-TRP/-panel is presented. The following proposals and observations are made:
Observation 1. Rel-15 RS and QCL framework fits well with multi-DCI based NC-JT.
Proposal 1. Multi-DCI based approach is the starting point for NC-JT support.
Proposal 2: At least the following options are considered for multiple DCI to support NC-JT
· Two-level DCIs
· CA-like approach
Proposal 3. 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 4. 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 5. Support beam sweeping for PDCCH without dynamic signalling.
Proposal 6: Focus on the pertinent scenarios such as
· Channel model: Indoor hotspot, Urban micro
· Traffic load: Low (~5%, ~20%) and med (~40%)
· Coordination cluster size: All TRPs for InH, 2 TRPs based on RSRP for UMi
· 4RX UE antennas
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