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Introduction
In the RAN4#110bis meeting, one issue was raised in the contribution [1] to discuss whether MSD test configuration with intra-band UL CA should be reconsidered. And the way forward [2] was approved with the following issues to be further discussed.

	Proposal 1: Companies are encouraged to consider the following options for handling the MSD requirements resulting from intra-band contiguous UL CA configured with non-contiguous allocations:   

Option 1: No change from TR 38.862 guidelines 

Option 2: Do not consider all MSD requirements resulting from intra-band contiguous UL CA configured with non-contiguous allocations.

Option 3: Do not consider only the MSD requirements resulting from intra-band contiguous UL CA configured with 1RB+1RB allocations.

Proposal 2: If Option 2 or Option 3 in Proposal 1 would be considered, which release to start taking effect?   

Option 1: From earliest release where such MSD requirements have been specified. 

Option 2: Rel-18

Option 3: Rel-19

Proposal 3: Is there a need to introduce cross-band MSD requirements resulting from intra-band contiguous UL CA configured with fully allocated maximum aggregated BW?   

Option 1: Yes 

Option 2: No






In this paper, we’d like to share our views on MSD test configuration from intra-band contiguous UL CA configured with non-contiguous allocations.
Discussion
Discussion from RF perspective

In last meeting, two exemplary CA_n40A-n41C with UL CA_n41C and CA_n41C-n79A with UL CA_n41C were discussed. These two cases can be considered as the typical cases for the discussion of MSD test configuration from intra-band contiguous UL CA.
We listed the following table for further trade-off among different cases.
Table 1 The summary of MSD definition for different configurations of CA_n40-n41 and CA_n41-n79
	
	MSD due to cross band isolation
	MSD due to IMD from two RBs allocation with large frequency gap
	MSD due to 2nd harmonic interreference

	[bookmark: _Hlk166513423]CA_n40A-n41A (fallback)
	ACLR2 from UL n41
	Not defined
	NA

	CA_n40A-n41C
	Not defined 
(ACLR1 from UL n41C affected the DL n40)
	IMD3 from CA_n41C with 2 RBs
	NA

	[bookmark: _Hlk166506670]CA_n41A-n79A (fallback)
	NA (>ACLR5)
	Not defined
	NA (direct 2nd harmonic interference is missing)

	CA_n41C-n79A
	NA (>ACLR5)
	IMD4 from CA_n41C with 2 RBs
	NA (direct 2nd harmonic interference is missing)

	Related RF component performance
	PA non-linearity (In adjacent channel) + filter performance
	IIP2/IIP3/IIP4?? + filter performance
	PA non-linearity (harmonic attenuation) + filter performance



Observation 1: for the fallback combos CA_n40A-n41A and CA_n41A-n79A, there is no discussion and definition on the MSD due to IMD from two RBs allocation with 100MHz frequency separation. But RAN4 is discussing this kind of MSD for the corresponding higher order combos.
Observation 2: RAN4 can further discuss and confirm whether MSD due to IMD from two RBs allocation with large frequency gap is related to the PA performance of IIP2/IIP3/IIP4 or other RF performance.

In last meeting, a very good contribution [3] illustrated the theory and interference distribution for intra-band UL CA IMD. The figure for IMD2 to 9 products falling within H5 range is cited below.
[image: ]
Figure 1 IMD2 to 9 products falling within H5 range
It can be observed that since the UL aggressor signals are allocated with two discrete RBs, the whole interference distribution is also discrete with the corresponding frequency separation. Generally, that means only one piece of interferences will affect the DL victim channel bandwidth for a specific case.
For CA_n40A-n41C, only the highlighted interference (2F1-F2) will have an impact on the DL victim band n40.
For CA_n41C-n79A, only the highlighted interference (3F1-F2) will have an impact on the DL victim band n79.
In addition, the IMD interference will has the sharp characteristic which is the higher PSD, but the smaller spectrum width due to narrower aggressive signal (1RB+1RB). For 1RB+1RB cases, the number of impacted RB for the DL victim band may be 2 ~ 4 RBs.
Observation 3: the IMD interference will has the sharp characteristic which means the higher PSD, but the smaller spectrum width due to narrower aggressive signal (1RB+1RB). For 1RB+1RB cases, the number of impacted RB for the DL victim band may be 2 ~ 4 RBs.
For CA_n40A-n41C case, if we assume that 4 RBs or 8 RBs in n40 5MHz channel bandwidth will suffer serious interference from UL CA_n41C (1RB+1RB), but the other RBs are not, then we can get the following calculation results to compare the relationship between general REFSENS case and degraded cases based on Shannon's Theorem [C = alfa * B * log2(1+SINR_linearity)].
Table 2 The comparison between general REFSENS case and degraded cases based on Shannon's Theorem
	
	DL SINR
	Bandwidth
	Attenuation factor,  alfa
	Tput

	General REFSENS case
	-1dB
	25RB*180kHz
	representing implementation losses
	alfa * 180kHz * 21.08 > 95% Tput_max (Baseline)

	degraded case1
	-1dB
	21RB*180kHz
	representing implementation losses
	alfa * 180kHz * 17.71 < 95% Tput_max (Fail)

	degraded case2
	0dB
	21RB*180kHz
	representing implementation losses
	alfa * 180kHz * 21 < 95% Tput_max (Fail)

	degraded case3
	1dB
	21RB*180kHz
	representing implementation losses
	alfa * 180kHz * 24.67 > 95% Tput_max (Pass)

	degraded case4
	-1dB
	17RB*180kHz
	representing implementation losses
	alfa * 180kHz * 14.34 < 95% Tput_max (Fail)

	degraded case5
	0dB
	17RB*180kHz
	representing implementation losses
	alfa * 180kHz * 17 < 95% Tput_max (Fail)

	degraded case6
	1dB
	17RB*180kHz
	representing implementation losses
	alfa * 180kHz * 19.99 < 95% Tput_max (Fail)

	degraded case7
	2dB
	17RB*180kHz
	representing implementation losses
	alfa * 180kHz * 23.29 > 95% Tput_max (Pass)



Observation 4: for the MSD test configuration (UL 1RB+1RB), the number of impacted RBs in DL victim channel is very limited. Even if 8 RBs in DL victim channel are assumed to be useless, the REFSENS degradation will not be higher than 3dB.
Discussion from scheduling perspective
For fallback cases CA_n40A-n41A and CA_n41A-n79A, RAN4 never discuss the MSD due to IMD from two RBs allocation with large frequency gap, which may have the similar issue with CA_n40A-n41C and CA_n41C-n79A if 1RB+1RB is configured with approximate 97.2MHz frequency gap. Thus, we’d like to try to dig the reason why RAN4 didn’t consider such case for the fallback in one 100MHz carrier. 

If we check RAN1’s spec, there are two DCI types for UL frequency domain resource assignment, i.e. PUSCH type 0 and type 1. PUSCH type 1 support contiguous RB allocation. And PUSCH type 0 support non-contiguous RB allocation to get the frequency diversity gain with the following condition. For BWP larger than 145, the number P of VRB is 16.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\D35776BF-9BFB-4039-9C2E-5D3838D2148F.png]

Observation 5: From physical layer design perspective, the PUSCH type 0 support non-contiguous RB allocation to get the frequency diversity gain in one UL carrier, but some conditions related to BWP size and configuration choose should be considered.

In clause 6.2.2 of TS 38.101-1, the UE MPR requirements for contiguous RB allocation and almost contiguous allocation were specified, but no non-contiguous RB allocation. And the following conditions is considered as almost contiguous allocation.
NRB_gap / (NRB_alloc + NRB_gap ) ≤ 0.25
In clause 6.2A.2.1 of TS 38.101-1, both contiguous RB allocation and non-contiguous RB allocation are considered for UL intra-band contiguous CA.
Observation 6: For UL single carrier, the UE MPR requirements for contiguous RB allocation and almost contiguous allocation were specified, but no non-contiguous RB allocation cases. For UL intra-band contiguous CA, 
both contiguous RB allocation and non-contiguous RB allocation are considered for UL intra-band contiguous CA.


Summary
Based on the analysis above from RF and scheduling perspective, there is some room to further discuss how to specify MSD test configuration due to IMD from intra-band UL CA. If so, not sure whether to extend such discussion for MSD due to IMD from non-contiguous RB allocation in single carrier.

If RAN4 need to specify some requirements to guarantee the IIP2/ IIP3/ IIP4 of PA performance, maybe RAN4 can further discuss the other methodology instead of leveraging REFSENS degradation.

Proposal 1: from RF and scheduling perspective, it’s encouraged for RAN4 to further discuss how to specify MSD test configuration due to IMD from intra-band UL CA. 
Proposal 2: If RAN4 need to specify some requirements to guarantee the IIP2/ IIP3/ IIP4 of PA performance, maybe RAN4 can further discuss the other methodology instead of leveraging REFSENS degradation.

Summary
Observation 1: for the fallback combos CA_n40A-n41A and CA_n41A-n79A, there is no discussion and definition on the MSD due to IMD from two RBs allocation with 100MHz frequency separation. But RAN4 is discussing this kind of MSD for the corresponding higher order combos.
Observation 2: RAN4 can further discuss and confirm whether MSD due to IMD from two RBs allocation with large frequency gap is related to the PA performance of IIP2/IIP3/IIP4 or other RF performance.
Observation 3: the IMD interference will has the sharp characteristic which means the higher PSD, but the smaller spectrum width due to narrower aggressive signal (1RB+1RB). For 1RB+1RB cases, the number of impacted RB for the DL victim band may be 2 ~ 4 RBs.
Observation 4: for the MSD test configuration (UL 1RB+1RB), the number of impacted RBs in DL victim channel is very limited. Even if 8 RBs in DL victim channel are assumed to be useless, the REFSENS degradation will not be higher than 3dB.
Observation 5: From physical layer design perspective, the PUSCH type 0 support non-contiguous RB allocation to get the frequency diversity gain in one UL carrier, but some conditions related to BWP size and configuration choose should be considered.
Observation 6: For UL single carrier, the UE MPR requirements for contiguous RB allocation and almost contiguous allocation were specified, but no non-contiguous RB allocation cases. For UL intra-band contiguous CA, 
both contiguous RB allocation and non-contiguous RB allocation are considered for UL intra-band contiguous CA.

Proposal 1: from RF and scheduling perspective, it’s encouraged for RAN4 to further discuss how to specify MSD test configuration due to IMD from intra-band UL CA. 
Proposal 2: If RAN4 need to specify some requirements to guarantee the IIP2/ IIP3/ IIP4 of PA performance, maybe RAN4 can further discuss the other methodology instead of leveraging REFSENS degradation.
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