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Introduction
In RAN1#95, it was agreed to support both multiple PDCCH and single PDCCH based transmission in Rel-16 at least for eMBB.  One main use case for multiple PDCCH is when the gNBs are connected via non-ideal backhaul.  In this case, it has been suggested that the multiple gNBs can independently schedule multiple PDSCHs to the UE via the multiple PDCCHs.  
An issue with multiple PDSCHs being scheduled independently from multiple TRPs is how to ensure that the aggregated number of layers across all PDSCHs in overlapping time-frequency resources does not exceed the maximum number of layers the UE supports or configured for.  One way of handling this is by applying rank restriction to each TRP where the rank restriction information can be exchanged via implementation based semi-static coordination between TRPs.
In this contribution, we present some simulation results for the case when such rank restriction is applied to NC-JT with independent scheduling.
Performance Evaluations
Simulation Assumptions
We performed evaluations using the Dense Urban scenario with a carrier frequency of 4 GHz.  Single TRP is used as the baseline where independent per cell scheduling is assumed.  For the Dense Urban scenario, it is possible to utilize DPS via coordination of 3 cells from the same site (i.e., intra-site clustering).  So, we also present DPS with intra-site clustering results in addition to single TRP results.
For the NC-JT schemes, we assume that each UE is associated with two cells where the two cells are the ones with the strongest received RSRPs.  Since NC-JT is ‘beneficial’ when the UE observes the serving TRPs with comparable RSRP levels, we add the additional constraint that the two serving TRPs selected for NC-JT are within a RSRP difference of 10dB.
For the results presented in this paper, we assume SU-MIMO and wideband scheduling.  Each gNB is assumed to support 4 Tx ports, and the UE is assumed to be equipped with 4 Rx antennas.
To understand the performance impact of applying rank restriction to each TRP, we simulated the following two variants of NC-JT:
· NC-JT with rank restriction:  each TRP involved in NC-JT is restricted to a maximum rank of 2.
· NC-JT without rank restriction:  each TRP involved in NC-JT may transmit up to rank 4.
The remaining simulation assumptions can be found in the Appendix.

Simulation Results
The simulation results are shown in Table 1.  It should be noted that in the Urban Macro scenario, NC-JT with independent scheduling performs poorly compared to single TRP and DPS.  The reason for the poor performance with NC-JT is likely due to the nature of multi-TRP transmission independent scheduling and high interference caused by its higher resource utilization as we discussed in our previous contribution [1].
Comparing the performance of NC-JT with and without rank restriction, we notice that NC-JT with rank restriction performs slightly better than NC-JT without rank restriction.  The reason for this improvement is that by limiting the rank of each TRP to 2, we can ensure that the aggregated number of layers across all PDSCHs received in a given slot does not exceed the 4 layers that the UE can handle.  In the case without rank restriction, the UE may in some cases be scheduled with up to 8 aggregated layers since each of the two TRP schedulers are independent and each scheduler may schedule up to 4 layers.  This exceeds the maximum number of layers the UE can receive and hence results in poorer performance for NC-JT without rank restriction.
It should be noted that our evaluations assume wideband scheduling which means the time-frequency resources for the two TRPs participating in NC-JT fully overlap.  Hence, our observations hold in the wideband scheduling case and further evaluations may be needed to understand the performance impact of NC-JT in the case involving sub-band scheduling.

[bookmark: _Toc534986207]At least for scenarios with non-ideal backhaul involving independent, wideband scheduling per TRP, NC-JT with rank restriction outperforms NC-JT without rank restriction.  
[bookmark: _Toc534986208]Regardless of whether rank restriction per TRP is applied or not, NC-JT with independent scheduling performs poorly compared to single TRP and DPS with intra-site clustering.

[bookmark: _Ref528827566]Table 1:  Throughput results under Dense Urban scenario at 4GHz
	RU (single TRP)
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	single TRP
	DPS
	NC-JT without rank restriction
	NC-JT with rank restriction
	single TRP
	DPS
	NC-JT without rank restriction
	NC-JT with rank restriction

	10%
	0%
	8%
	-10%
	-6%
	0%
	1%
	-10%
	-4%

	20%
	0%
	11%
	-16%
	-13%
	0%
	1%
	-13%
	-11%

	30%
	0%
	11%
	-22%
	-19%
	0%
	0%
	-21%
	-20%

	40%
	0%
	16%
	-27%
	-27%
	0%
	-1%
	-32%
	-31%



Note that in this contribution we simulated the impact of rank restriction via semi-static coordination between TRPs.  However, when the backhaul latency and capacity are suitable, it may be possible for the TRPs to coordinate scheduler related information semi-dynamically (i.e., a bit more dynamic than semi-static coordination) via implementation-based techniques.  An example of this is pre-scheduling with one of the TRPs serving as a master scheduler, controlling the rank for the other node.  This way, the master scheduler can organize the scheduling in the multiple TRPs.  As a result, it is easy to ensure that the aggregated number of layers across all PDSCHs received from multiple PDCCHs in overlapping time-frequency resource does not exceed the maximum number of layers the UE supports.

[bookmark: _Toc534986209]Implementation based semi-dynamic coordination of rank information between TRPs can be used to ensure that the aggregated number of layers across all PDSCHs received from multiple PDCCHs in overlapping time-frequency resource does not exceed the maximum number of layers the UE supports.

Conclusion
In this contribution, we have presented simulation results comparing NC-JT with and without rank restriction under the assumption of independent, wideband scheduling per TRP.  Based on the results, we made the following observation:
Observation 1	At least for scenarios with non-ideal backhaul involving independent, wideband scheduling per TRP, NC-JT with rank restriction outperforms NC-JT without rank restriction.
Observation 2	Regardless of whether rank restriction per TRP is applied or not, NC-JT with independent scheduling performs poorly compared to single TRP and DPS with intra-site clustering.
Observation 3	Implementation based semi-dynamic coordination of rank information between TRPs can be used to ensure that the aggregated number of layers across all PDSCHs received from multiple PDCCHs in overlapping time-frequency resource does not exceed the maximum number of layers the UE supports.
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Simulation Assumptions
	Parameters
	Dense urban (Macro Only)

	Carrier frequency
	4GHz 


	Channel model
	TR 38.901

	TRP antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
 (dH, dV) = (0.5, 0.8)λ 


	UE antenna configuration
	4Rx Port
(M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	Traffic model 
	ftp model 1, 500kB packet size

	Cell layout
	19 sites with 57 homogeneous cells
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