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Introduction
In RAN1#94 bis, the following was agreed for down selection at RAN1#95:
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC
Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.
In addition, the feature lead work plan [1] contains the following recommendation for RAN1#95:
· Continue summarizing/categorizing of proposals, based on tdoc submission. 
· Continue discussing high level design principles for DL control design by considering SLS and/or LLS results in Rel16, to see any majority view
These topics are addressed in the contribution.
The number of PDCCH for multi-panel/TRP for eMBB
Preliminary evaluation results
Preliminary evaluations have been done for NC-JT and DPS in dense urban and indoor scenarios at 4GHz based on the agreed evaluation assumptions in RAN1#94b.  Some preliminary results are shown in the tables below.

Table 1:  4 ports results under dense urban at 4GHz
	[bookmark: _Hlk528753068]Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	DPS
	NC-JT
	RU (single TRP)
	single TRP
	DPS
	NC-JT

	10%
	0%
	8%
	2%
	10%
	0%
	1%
	-1%

	20%
	0%
	11%
	5%
	20%
	0%
	1%
	-2%

	40%
	0%
	16%
	5%
	40%
	0%
	-1%
	-5%

	50%
	0%
	15%
	9%
	50%
	0%
	0%
	-3%




Table 2: 16 ports results under dense urban at 4GHz.
	Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	DPS 
	NC-JT
	RU (single TRP)
	single TRP
	DPS 
	NC-JT

	10%
	0%
	17%
	17%
	10%
	0%
	2%
	2%

	20%
	0%
	22%
	19%
	20%
	0%
	4%
	3%

	40%
	0%
	32%
	26%
	40%
	0%
	7%
	6%

	50%
	0%
	39%
	35%
	50%
	0%
	10%
	9%



For both 4 and 16 Tx ports per TRP, NC-JT has negative gains for eMBB comparing to DPS, both cell edge and mean throughputs, even at 10% of resource utilization (RU).

Table 3: 2 ports indoor results at 4GHz.
	Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	DPS 
	NC-JT
	RU (single TRP)
	single TRP
	DPS 
	NC-JT

	10%
	0%
	26%
	18%
	10%
	0%
	3%
	36%

	20%
	0%
	10%
	-2%
	20%
	0%
	3%
	14%

	40%
	0%
	1%
	-17%
	40%
	0%
	-2%
	-6%



With 2 Tx ports per TRP in the indoor scenario, NC-JT has some large mean eMBB throughput gain over DPS at 10% of RU and moderate mean through gain at 20% of RU.  There is no gain above 20% of RU.
In addition, we have also simulated 2 Tx ports case with (M, N, P, Mg, Ng, Mp, Np) = (8,1,2,1,1,1,1) under dense urban scenario at 4GHz. The results are shown in Table 4.
[bookmark: _Ref528748068]Table 4:  2 ports results under dense urban at 4GHz.
	Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	DPS
	NC-JT
	RU (single TRP)
	single TRP
	DPS
	NC-JT

	10%
	0%
	10%
	1%
	10%
	0%
	1%
	10%

	20%
	0%
	6%
	-7%
	20%
	0%
	0%
	0%

	40%
	0%
	-7%
	-20%
	40%
	0%
	-7%
	-12%

	50%
	0%
	-6%
	-17%
	50%
	0%
	-10%
	-14%



With 2 Tx ports per TRP in dense urban scenario, NC-JT has some mean eMBB throughput gain over DPS at 10% of RU. The gain disappears at above 20% of RU.

Initial observation from evaluations
From our initial evaluations, we make the following observations for eMBB:
1. Gains are predominantly where a UE can discover many TRPs simultaneously, e.g. indoor as evident from our results presented in [6]-[7].
2. Gains are present when the degree of freedom (DOF) for desired signal reception at the UE is larger than the number of desired signal layers that can be transmitted from one TRP. 
a. For example, when the UE has 4 RX antennas 
i. When the channel is rank deficient, i.e. LOS, which limits rank 2 per TRP, with low interference, or
ii. When the TRP only has 2 TX antennas
b. We observe that for 4Tx or 16 TX gNBs, there is no benefit of multi-TRP transmission.  As shown in Figure 1, single TRP is not rank deficient in the dense macro scenario with 4Tx and 4Rx.  As a result, NC-JT does not provide much performance benefit over single TRP or DPS. Similar conclusions can be drawn from our results reported in [3]-[5] for the 16Tx and 4 Rx case in dense macro scenario.
3. Gains are visible at low load, diminishes at higher loads
a. At higher load, UE DOF are used to suppress interference, and the number of received layers are reduced
b. At higher load, resources in neighbour TRPs are occupied, and there is less opportunity for multi-TRP
Based on these findings, we see most benefit in the indoor scenario and it is also in the indoor we may find gNBs with only 2 TX. There may be some benefit in outdoor macro scenarios at low load in case deployed gNBs only have 2 TX or if the LOS probability is high (so the channel is rank limited to two). 

NC-JT does not provide eMBB performance benefit over NR Rel-15 baseline schemes in dense macro scenario with 4Tx/16 Tx and 4Rx.  Some benefit may be possible in outdoor macro scenarios if the gNBs are equipped with 2Tx or if the LoS probability is high.
The most eMBB benefit for NC-JT are found in indoor scenarios where the gNBs are most likely to be equipped with 2 Tx.  

Looking at the rank distribution results in Figure 2, it can be seen that with a single TRP, about 50% of the scheduled PDSCH is of rank 3 or 4, which means that the additional benefit of enabling transmission from an additional TRP is marginal.  This is part of the explanation why the benefits of NC-JT is not visible for cases other than 2 TX gNBs. 

[image: ]
Figure 1.  Performance gains over single TRP for DPS and NC-JT in Dense Urban scenario with 4Tx and 4Rx.  
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Figure 2 Rank distribution corresponding to 20% RU


On single vs multiple PDCCH approach
A single PDCCH approach has the following benefits for eMBB:
· Suitable for ideal backhaul case, where one master TRP has the scheduler and handles control signalling
· Simple specification impact for UL, since a single PUCCH may be reused
· PDCCH blocking probability is unchanged although less important for low load cases where NC-JT is most likely to beneficial
· Multi-TRP or multi-panel operations at L1 is completely hidden from higher layers (except RRC)
A single PDCCH approach has the following drawbacks for eMBB:
· Not suitable for outdoor macros where it is more likely that different TRPs may be different cells and thus each TRP has its own scheduler serving “non-multi-TRP” traffic as well. 
· No PDCCH diversity, i.e. may not extend well to URLLC use case
· Requires large specification impact for DL to handle multiple QCL source RSs per PDSCH
It is observed that multi-PDCCH has some major benefits for eMBB:
· It can serve both ideal and non-ideal backhaul deployments
· It can be used both in outdoor macros scenarios as well as indoor
· Specification impact is small, DCI, CW2L and QCL solutions from Rel.15 can be reused
The use of multi-PDCCH also serves URLLC use case well as it can provide a solution for DCI repetition. However, more studies on the URLLC scenario for indoor factory automation is needed. Hence, we propose the following for eMBB: 
[bookmark: _Toc528937631][bookmark: _Toc528937717]For eMBB multi-TRP/panel transmission, support Alt.1.
On RAN2 impact
As was discussed in our contribution [2] to RAN1#94bis, the number of TUs allocated to RAN2 barely covers implementing RAN1 agreements in RRC signalling specifications. This means that any higher layer protocol modifications are out of the scope. In case solutions that change RAN2 protocols are to be discussed, then RAN2 must be involved by sending an LS to confirm that they can handle such changes in the WI. 
[bookmark: _Toc525120542][bookmark: _Toc525121229][bookmark: _Toc525122044][bookmark: _Toc525122061][bookmark: _Toc525122120][bookmark: _Toc525888506][bookmark: _Toc528937718]Only solutions without impact to RAN2 is considered in Multi-TRP work in this WI (apart from necessary RRC impact due implementing L1 parameters and UE capabilities). 
Hence, this leads to the following observation:
[bookmark: _Toc525120543][bookmark: _Toc525121230][bookmark: _Toc525122045][bookmark: _Toc525122062][bookmark: _Toc525122121]Protocol modifications on MAC, RLC, PDCP are not considered in this WI 
There is a risk when we go with our proposal for multi-PDCCH that this leads to proposals that requires modifications in e.g. RLC. Hence, RAN1 should liaise with RAN2 if there is any uncertainty of a proposal that will make protocol changes to PDCP, RLC, and MAC that impact in RAN2 work.

Possible enhancement areas
Here we discuss possible enhancement areas for the proposed multi-PDCCH approach to multi-TRP or panel to be studied:
· Mechanisms for indicating multi-PDCCH transmission, particularly for DCI repetition where UE needs to know which PDCCH candidates contains the same DCI
· Mechanisms for UCI feedback using single or multiple PUCCH including PUCCH collision avoidance
· Including the HARQ process handling where the total number of HARQ processes may need to be increased
· Mechanisms related to multi DL-SCH, UL-SCH transmission
· Study data scrambling, mapping order, max #layers, PT-RS subcarrier position
· CSI feedback framework requires studies of extensions for multi-TRP/panel
· UE side desired/interfering TRP selection hypothesis feedback
· Any further enhancements for URLLC
· Evaluate whether there are additional benefits of supporting also single PDCCH multi-TPR solution for the indoor factory automation scenario
Conclusion
[bookmark: _GoBack]Based on the discussion and observations in this contribution we make these proposals:
Proposal 1	For eMBB multi-TRP/panel transmission, support Alt.1.
Proposal 2	Only solutions without impact to RAN2 is considered in Multi-TRP work in this WI (apart from necessary RRC impact due implementing L1 parameters and UE capabilities).
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