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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. The detailed objectives for RAN1 are as follows.
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
0. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
0. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
0. Unified TCI framework for DL and UL beam indication
0. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
0. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
1. Enhancement on SRS, targeting both FR1 and FR2:
2. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
2. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
2. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
1. Enhancement on CSI measurement and reporting:
3. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
3. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead



In Justification part of [1], it is said that some new use cases for multi-TRP such as UL dense deployment within a macro-cell and/or heterogeneous-network-type deployment scenarios are included. In this contribution, we discuss the UL dense deployment and potential specification impacts.

UL dense deployment 
In traditional macro cell deployment, UE communicates with the same macro cell for DL/UL transmissions. As shown in Fig.1, for cell edge UEs, the UL performance may be poor due to large pathloss and low transmission power. Small cell deployment can improve the DL/UL signaling strength with smaller pathloss, however, large cost of small gNBs may be needed and the DL interference may become severe. To reduce the cost as well as to improve the UL performance at the same time, UL dense deployment can be considered, as shown in Fig.2. There is no DL transmission unit (e.g. no power amplifier) at small UL receiver point, hence, lower cost can be expected. In this deployment, UE can receive DL transmission from the macro cell, while for UL, the nearest UL receiver point can be used to receive UL signal from the UE. 
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Fig.1 Traditional macro cell deployment
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Fig.2 UL dense deployment
Simulation results and analysis
Simulation assumptions
In system-level simulations, only uplink traffic is considered. Within each macro cell, 2~4 small UL receiver points are randomly deployed. The detailed simulation assumptions are shown in Table A-1 in appendix. To exploit the performance of UL dense deployment, two UL resource allocation schemes as shown in Fig.3 are evaluated.
Case A: overlapping resource allocation is assumed for those UL receiver points. In that case, for each UL receiver point, the UL resource can be allocated to a different UE. That is to say, multiple UEs within the macro cell can transmit PUSCH to different UL receiver points on the same time-frequency resources. The interference from UEs within the same macro cell is also considered.
Case B: non-overlapping resource allocation is assumed for those UL receiver points. In that case, only 1 UE can transmit PUSCH to a UL receiver point on the same time-frequency resources. There is no interference from UEs within the same macro cell.
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Fig.3 UL resource allocation schemes
Simulation results and analysis
The simulation results for Case A and Case B are shown in Table 1. For Case A, more than 6x cell average and 7x cell edge throughput performance can be achieved for UL dense deployment. With the increase of number of UL receiver points, the UL performance increases as well. For Case B, 1.38x cell average and 1.72x cell edge throughput performance can be achieved with the deployment of UL receiver points. The performance difference between Case A and Case B comes from different UL resource allocation schemes. For Case A, multiple times of UL resources can be used, while the co-channel interference is not increased so much due to low power and large distance of interfering UEs. In addition, the IRC receiver is applied at receiver point for mitigating co-channel interference. 
Table 1 Simulation Results
	
	Number of UL receiver points
	Case A
	Case B

	
	
	Cell average SE (bit/s/Hz)
	5% cell edge SE (bit/s/Hz)
	Cell average SE (bit/s/Hz)
	5% cell edge SE (bit/s/Hz)

	Macro
	N/A
	0.176
	0.0623
	0.176
	0.0623

	Macro + UL receiver points
	2
	0.707 (4.0x)
	0.315 (5.1x)
	0.229 (1.30x)
	0.0862 (1.38x)

	
	3
	0.893 (5.1x)
	0.397 (6.4x)
	0.239 (1.35x)
	0.0998 (1.60x)

	
	4
	1.080 (6.1x)
	0.460 (7.4x)
	0.244 (1.38x)
	0.1070 (1.72x)



Observation 1:
· UL dense deployment can provide large UL performance gain over macro cell deployment.

Potential specification impacts
For UL dense deployment, there is no DL signaling transmission from UL receiver points, which brings the problem of TPC for UE UL transmission to those UL receiver points. In NR Rel-15/16, TPC is related to DL pathloss estimation at UE using DL PL-RS. However, without DL RS transmission from receiver points, UE cannot estimate the pathloss to each receiver point and perform conventional TPC for UL transmission to a receiver point. Enhancement on TPC should be studied.
In addition, the distance between UE to macro cell is different from that between UE to receiver point, hence, the timing advance enhancement may be needed. Without DL RS from the receiver points, for FR2, SRS based beam sweeping is needed for UL beam management. In that case, more efficient SRS based beam management may also need further study.
Proposal 1:
· Study potential specification impacts for UL dense deployment, including TPC.

Conclusion
In this contribution, we discussed the UL dense deployment and potential specification impacts. We have following observation and proposal.
Observation 1:
· UL dense deployment can provide large UL performance gain over macro cell deployment.
Proposal 1:
· Study potential specification impacts for UL dense deployment, including TPC.
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Appendix
Table A-1 Simulation assumptions
	Parameter
	Macro
	Dense UL Rx point

	Carrier frequency
	4GHz
	4GHz

	Bandwidth
	80MHz
	80MHz

	SCS
	30KHz
	30KHz

	Network layout
	Dense urban, 1 layer macro
	1 layer macro + x UL receiver points (x=2/3/4) 

	Channel model
	TR 38.901
	TR 38.901

	BS antenna structure and TXRU
	128Rx = (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.5)λ.
TXRU: 16TXRU=(Mp,Np,P,Mg,Ng) =(1,8,2,1,1)
	128Rx = (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.5)λ.
TXRU: 16TXRU=(Mp,Np,P,Mg,Ng) =(1,8,2,1,1)

	UE antenna structure and TXRU
	4Tx = (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, 0.5)λ
TXRU: 4TXRU=(Mp,Np,P,Mg,Ng)=(1,2,2,1,1) 
	4Tx = (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, 0.5)λ
TXRU: 4TXRU=(Mp,Np,P,Mg,Ng)=(1,2,2,1,1) 

	CSI-T
	CB-based UL TX
	CB-based UL TX

	Channel estimation
	real
	real

	Scheduling
	Subband PF
	Subband PF

	MIMO receiver (CSI/data)
	MMSE-IRC
	MMSE-IRC

	Traffic model
	Full buffer
	Full buffer

	ISD
	200m
	200m

	Number of average UEs per macro sector
	20
	20

	Subband number
	10
	10

	UE power
	23dBm
	23dBm

	UE mobility
	80% indoor (3 km/h),   20% outdoor (30 km/h)
	80% indoor (3 km/h),   20% outdoor (30 km/h)

	UL power control
	Open Loop TPC
	Open Loop TPC

	Modulation
	256QAM
	256QAM

	UL RX node decision
	The same as DL TX node
	Either this DL macro cell or any small cell based on the minimum pathloss to the UE
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