
3GPP TSG-RAN WG4 Meeting # 108bis	R4-2315195
Xiamen, China, October 09 – October 13, 2023

Agenda item:	5.3.1.4.1
Source: 	CMCC
Title: 	Discussion on lower MSD capability 
Document for:	Discussion
1. Introduction
In last meeting, a WF on study for lower MSD signaling design has been approved [1]. In this contribution, we focus on remaining lower MSD capability discussion.
2. Discussion
2.1 How to reduce capability overhead
In previous meeting, operators proposes that if MSD capability overhead is heavy, this feature may not be used in commercial network. so it’s better to find out how to reduce capability overhead.
One solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Such query information may include following information, e.g. band combinations, Power class, Tx power, aggressor and victim CBW, victim operation band.
Proposal 1: to reduce MSD capability overhead, one solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Query information could include following information, e.g. band combinations, power class, Tx power, aggressor and victim CBW, victim operation band.
2.2 Power related report for MSD
In last meeting, the agreement is listed as below:
	Agreement: 
· CBW of aggressor UL and victim DL are not necessary to be included in the essential information for lower MSD capability
· FFS on the rule for test condition
· With understanding that CBW of aggressor UL and victim DL is known to both UE and TE during test
· The UE reports the MSD class per MSD types for the highest supported power class for the band combination
· UE can additionally report lower MSD for other PCs if NW/regulator requested 
· Conformance test is only performed for the highest supported power class
· Lower MSD reported for lower power class does not need to be tested 


MSD performance is related to Tx power, for example, 3dB max output power difference may lead to max 10dB MSD difference. Larger Tx power at UE side, better throughput for UL but may lead to worse MSD for DL. in some extreme case, when UE transmit with max power to maximize UL performance, certain DL victim RB can’t be allocated due to much severe MSD. Therefore, gNB needs the relationship between UL Tx power and DL MSD performance to trade off UL and DL performance.
Observation 1: gNB needs the relationship between UL Tx power and DL MSD performance to trade off UL and DL performance.
Following list several solutions for relationship between MSD capability and Tx power:
· Solution 1: categorize MSD with several typical Tx power level. But this method requires UE to have the information for different Tx power levels, heavy workload at UE side. 
· Solution 2: filter MSD for different power with filtering parameter when query UE capability. Same shortcoming as solution1, heavy workload at UE side to find out the relationship between MSD and Tx power
· Solution 3: additional information to show under which Tx power, all MSD would be negligible/acceptable. gNB could use this information for final UE scheduling algorithm and deciding final UE Tx power
· This information help gNB to know which UE could be allocated to MSD-victim RB since the MSD is negligible for this UE when it is at cell center with less target Tx power. 
· in some cases when DL throughput is bottleneck, gNB could reduce UE Tx power to make the MSD acceptable for DL. This MSD information help gNB fully utilize all RBs even for the RB with severe MSD by sacrificing UE Tx power.
· Regarding how to identify MSD is negligible/acceptable, one solution is when MSD is less than lowest MSD threshold among UE capability, then MSD is assumed as negligible. For example when the lower MSD threshold is defined as 3dB, the UE could report corresponding Tx power under which condition all types and orders MSD could be less than 3dB.
According to above analysis, solution 3 is more preferred.
In last meeting, a new MSD type “ALL” is approved. The Solution 3 is much like the enhancement for the type “ALL” with Tx power information to show under which Tx power, all MSD is acceptable. 
Proposal 2: it’s suggested to allow UE report under which Tx power all the MSD values would be negligible/acceptable. This information could help gNB to know which UE could be allocated to MSD-victim RB since the MSD is negligible for this UE when it is at cell center with less target Tx power.
2.3 MSD types and order
Previous meeting agreements are listed as below for information:
The reported MSD types decided at last RAN4 meeting as follows and new MSD types will be further discussed in Rel-19.
· The following MSD type will be defined in Rel-18
· Harmonic
· Harmonic mixing
· Cross band isolation
· IMD 2/3/4/5
· New type will be further discussed in Rel-19 i.e. IMD6/7/8/9 
In previous meeting, there is the discussion of whether to report MSD types per UL configuration or report MSD type per victim band. Table 1 in [3] show the summary of all MSD types for total four kind of UL configurations. We find for following two UL configurations, the same order IMD fall into the same victim band for the same band combinations. 
· UL configuration 1: 1 UL band with 2 non-contiguous UL CC
· UL configuration 2: 1 CC per UL band and total 2 UL bands 
CA_n5-n77 is the only example band in current 38101-1 spec. For this n5+n77 IMD4 falls into victim band 5 and at the same time n77+n77 non-contiguous IMD4 falls into victim band n5. besides, the MSD is very similar for this two test points, i.e. 8.3dB and 8.6dB.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n7713
	n5
	N/A
	N/A
	N/A
	N/A
	N/A
	FDD
	IMD27

	
	n7712
	N/A
	N/A
	N/A
	N/A
	N/A
	TDD
	N/A

	
	n5
	844
	5
	25
	889
	8.3
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	
	n5
	829
	5
	25
	874
	5.5
	FDD
	IMD5

	
	n5
	N/A
	5
	N/A
	880
	8.6
	FDD
	IMD4

	
	n7712
	3410
	10
	1 RBSTART=25
	3410
	N/A
	TDD
	N/A

	
	
	3850
	10
	1 RBSTART=25
	3850
	
	
	



Observation 2: For specific band combinations, the same order IMD generated by different uplink (UL) configurations will fall within the same victim band with similar values. In current spec, the only example band combination is CA_n5-n77 which have very similar MSD for IMD4 from n5+n77 and non contiguous n77+n77 UL configurations, i.e. 8.3dB and 8.6dB respectively.  
As show in above table, these two different UL configurations may lead to very similar MSD. It’s reasonable to assume finally enhanced MSD may also be very similar for these two kind of UL configurations and there is no need to further explicitly differentiate different UL configurations at gNB side.
Compared with max 8 MSD types report per victim band, per UL configuration report will require max 3 MSD types. But for one band combinations, all UL configurations should report capability. So total MSD capability report among all UL configurations per victim will lead to much overhead compared with report per victim band.
Besides, another backwards of UL configuration report is that we have to update MSD capability when new UL configurations are introduced. 
In conclusion, it’s suggested to report MSD types per victim band per band combination rather than per UL configuration per victim band per band combinations.
Proposal 3: it’s suggested to report MSD types per victim band per band combination rather than per UL configuration per victim band per band combinations.
2.4 lower MSD capability for higher order combination
Final agreement is not reached in last meeting:
	Open issues and candidate options before meeting:
· Proposals
· Option 1: No need to change or discuss what RAN4 agreed before, i.e., “lower MSD capability for higher order combination is inherited from lower order fallback combinations”, unless RAN4 receives an LS from RAN2 to ask RAN4 to take a specific action on the agreement. (Nokia, vivo, Skyworks, Samsung)
· Option 2: Reply RAN2 with the clarification on RAN4’s assumptions on MSD requirements for higher order combinations together with other agreements in this meeting. (Huawei)
· RAN4 defines the MSD requirements using band combinations consisting of 2 or 3 bands. UEs supporting high order band combinations shall meet the same MSD requirements as the fallbacks. When reporting the lower-MSD capability, the indicated MSD improvement shall be maintained regardless of the order of band combinations, and no new test points would be added.




In RAN2, they may don’t know how many DL bands per BC has been specified into RAN4. so our preference is also to show more explanation for RAN2 to help them have a better understanding. Therefore, above option 2 is more preferred.
Proposal 4: it’s suggested to reply RAN2 with the clarification for higher order combinations.
3. Conclusions
In this contribution, MSD capability related issues are discussed with following observations and proposals:
Proposal 1: to reduce MSD capability overhead, one solution is to allow gNB query UE capability and UE only report certain capability filtered by gNB’s query information. Query information could include following information, e.g. band combinations, power class, Tx power, aggressor and victim CBW, victim operation band.
Observation 1: gNB needs the relationship between UL Tx power and DL MSD performance to trade off UL and DL performance.
Proposal 2: it’s suggested to allow UE report under which Tx power all the MSD values would be negligible/acceptable. This information could help gNB to know which UE could be allocated to MSD-victim RB since the MSD is negligible for this UE when it is at cell center with less target Tx power.
Observation 2: For specific band combinations, the same order IMD generated by different uplink (UL) configurations will fall within the same victim band with similar values. In current spec, the only example band combination is CA_n5-n77 which have very similar MSD for IMD4 from n5+n77 and non contiguous n77+n77 UL configurations, i.e. 8.3dB and 8.6dB respectively.  
Proposal 3: it’s suggested to report MSD types per victim band per band combination rather than per UL configuration per victim band per band combinations.
Proposal 4: it’s suggested to reply RAN2 with the clarification for higher order combinations.
[bookmark: _GoBack]
4. Reference
[1] R4-2314923, WF on lower MSD, Huawei, HiSilicon
[2] R4-2220513, TP for TR 38.881: Feasibility study from companies and conclusion for lower MSD improvement, Huawei, HiSilicon
[3] R4-2307476,
