[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #109-e	R1-2204909 
e-Meeting, May 9th - 20th, 2022

Agenda Item:	9.10.3
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Source:	Huawei, HiSilicon
[bookmark: OLE_LINK27]Title:	Simulation evaluations of single user experience data rate for multi-carrier UL Tx switching
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94e, multi-carrier enhancements for NR were approved [1]. The following enhancements for multi-carrier UL operation were agreed to be studied.
	Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed


In our companion contribution paper [2], simulation results are provided for UL 2Tx switching in a 4-band scenario with single TAG, where each cell has multiple UEs with an FTP burst traffic model, and their average user perceived throughputs (UPTs) are selected as the evaluation metric. 
In this contribution, additional simulation results are provided for UL 2Tx switching in a 4-band scenario with single TAG, where each cell has only a single UE with a full buffer traffic model, and their perceived uplink data rates are selected as the evaluation metric.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832] 
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Additional performance evaluation for UL 2Tx switching in a 4-band scenario
In this section, simulation results in a 4-band scenario are provided. From the perspective of system, four bands are deployed for uplink access, i.e., 4.9G, 2.6G, 2.1G, 700M. We assume that each cell has only a single 2Tx UE. For the Rel-17 scheme, each UE can only be configured with 2 uplink bands. The 2 uplink bands are semi-statically allocated to each UE via RRC reconfigurations. For the Rel-18 scheme, each UE can be configured with 4 uplink bands, and they can dynamically select the best carriers on these bands per slot. More detailed evaluation assumptions are provided in Appendix.
The user perceived data rate versus the reference signal received power (RSRP) is shown in Fig. 1. Compared with the Rel-17 uplink 2Tx switching among 2 bands, the Rel-18 uplink 2Tx switching among 4 bands increase the user perceived uplink data rate by about 20%. 

Fig. 1. User perceived uplink data rate versus RSRP
Observation 1: 2Tx switching among 4 bands can increase the user perceived uplink data rate by ~20% compared with 2Tx switching among 2 bands.

In [2], we have observed that: (1) 2Tx switching among 3 bands can bring average UPT gain up to ~16% compared with 2Tx switching among 2 bands; (2) 2Tx switching among 4 bands can bring average UPT gain up to ~38% compared with 2Tx switching among 2 bands. (3) 2Tx switching among 4 bands can bring average UPT gain up to ~20% compared with 2Tx switching among 3 bands. Thus, combined with the results here, an observation can be that with more configured bands, a UE can be dynamically scheduled on the bands with more unoccupied resources. Moreover, more configured bands are also beneficial for a better channel adaptation.

Proposal: The scenarios of UL Tx switching among both 3 bands and 4 bands should be supported in Rel-18.

Conclusion
According to the above discussions, we have the following proposals:
Proposal: The scenarios of UL Tx switching among both 3 bands and 4 bands should be supported in Rel-18.
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Appendix 
Table 1. Simulation assumptions
	Frequency band
	4.9G
	2.6G
	2.1G
	700M

	Bandwidth
	100MHz
	160MHz
	50MHz
	30MHz

	DL:UL
	7:3
	8:2
	/
	/

	BS antenna
	64T64R
	64T64R
	32T32R
	4T4R

	Subcarrier spacing
	30kHz
	30kHz
	30kHz
	15kHz

	Deployment
	3GPP Urban Macro, 21 cells

	ISD
	ISD 400m for 4.9G/2.6G/2.1G, ISD 800m for 700M

	Number of users
	1 UE per cell

	Traffic model
	Full buffer

	Scheduler
	PF

	UE power
	26dBm for 4.9G/2.6G, 23dBm for 700M/2.1G
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