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1. Introduction

This contribution addresses following two issues captured in an WF approved in RAN4#98-bis-e[1].
· Relation with SRS antenna switching
· Relation with full power capability
2. Discussion
2.1 Relation between TxD and SRS antenna switching

One of the agreements related to SRS antenna switching is excerpted from the WF [1].
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* Proposals

« Option 1: UE that supports transparent TxD can have antenna switching SRS configured in the
same band.

« Option 1a. The ATRXSRS needs to be increased by 3 dB overall except for the PC2 case which
accommodates the use of PA with 3 dB lower power for SRS antenna switching.

« Option 1b. Other solutions or requirements.

« Option 2: UE that supports transparent TxD can not have antenna switching SRS configured in
the same band.

o Agreements:
* Option 1
* Further confirm SRS
+ Requirements based on transmission from physical antenna connector and not by transparent TxD
« Detailed requirements FFS




Case 1: PC2 PA configuration = 26dBm + 23dBm 

The issue itself and the option 1a came from a discussion paper [2]. As shown in Figure 2.1-1, the current specification allows PC2 capable UEs to transmit SRS via Rx antennas with non-full-rated PA. Hence, the transmission from the secondary antenna is allowed to use extra 3 dB relaxation on top of 3(bands other than n79), or 4.5 dB(n79) relaxation due to routing loss. Thus, in total, 6 or 7.5 dB relaxation is allowed according to a supported operating band.
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Figure 2.1-1: Extra relaxation for PC2 case

Observation 1: If PC2 TxD PA configuration is 26dBm + 23dBm, the below current requirement can cover the extra 3 dB relaxation due to non-full-rated-PA usage for 1TyR if we follow a principle of the past.
The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band.
Case 2: PC2 PA configuration = 26dBm + 26dBm 

Though it is not clear if this configuration was discussed or not for PC2 UL MMO, it must be one of the options since we have ul-FullPwrMode-r16 as specification. For this case, the extra 3 dB relaxation due to non-full-rated PA usage is not needed. The same applies to PC2 TxD.
Observation 2: If PC2 TxD PA configuration is 26dBm + 26dBm, no extra 3 dB relaxation due to non-full-rated PA usage for 1TyR is needed.

Case 3: PC2 PA configuration = 23dBm + 23dBm 

In our understanding, we did not need to consider 23dBm + 23 dBm PA configuration for UL MIMO. This is because in case a UE supporting UL MIMO transmits a signal from single antenna, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. Hence, at least one full-rated PA is required, and the extra relaxation has not been applied to the 1st antenna port. Regarding TxD, 3GPP has been introducing a dedicated PC2 capability for TxD unlike UL MIMO. Hence, it is possible for UEs to implement 23dBm+23dBm for PC2 TxD. Hence, if the UE transmits SRS with one of the PAs, the power can be lower than the PC2 by 3dB if Tx antenna virtualization is not used. 
Observation 3: If PC2 TxD PA configuration is 23dBm + 23dBm, the power transmitted via each antenna is lower than the PC2 for 1TyR by 3dB if Tx antenna virtualization is not used and this is not covered by the current specification.
When it comes to virtualization, a company made a following comment in [3].

The delta SRS IL is applied for the antennas other than the main antenna, so for PC2 UE with TxD which for example is 23+23 to achieve 26, this UE is configured with 1T4R, then at the main antenna UE can use antenna virtualization to achieve 26 but in the 2nd, 3rd, and 4th antenna UE is probably will not switch both PAs to each antenna simultaneously otherwise the front end will be too complex. This makes each antenna will be additional 3dB power back off comparing to main antenna as the case of PC2 UE.
It seems that the above situation looks like Figure 2-2.
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Figure 2.1-2: an example of antenna virtualization commented in [3]
The situation is very similar to the case 1(some of antennas is virtualized) or 2(all the antennas are virtualized). The difference is just the number of antennas. 

Observation 4: If PC2 PA configuration is 23dBm + 23dBm and if Tx antenna virtualization is used, the situation becomes similar to Case 1(part of antennas is virtualized) or 2(all the antennas are virtualized).

It is, however, another company proposed that “UE is not assumed to virtualize RX ports for the purpose of SRS antenna switching” in [2]. If UE is assumed to virtualize Tx ports for the purpose of SRS antenna switching while NOT assumed to virtualize Rx ports for it in the same manner, the gain from SRS for DL CSI acquisition is not maximized.

Observation 5: If UE is assumed to virtualize Tx ports for the purpose of SRS antenna switching while NOT assumed to virtualize Rx ports for it in the same manner, the gain is not maximized.

In summary, we can derive the following observation 6 and proposal 1.

Observation 6: If the above observations 1 - 4 are valid, the option 1a is at least not wrong if we follow the principle of the past for PC2 extra relaxation.
Proposal 1: At least UE performance requirements related to SRS for DL CIS acquisition should be established based on the assumption that a UE uses the same antenna virtualization configuration between Tx and Rx.
Proposal 2: In case extra relaxation due to non-full-rated PA is introduced, specification must be clear that it applies to only 1TyR case.

2.2 Relation between TxD and ul-FullPwrModes
Another agreement is excerpted from the WF [1].
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* Proposals

« Option 1: UEs can support only one of full power capability and transparent
TxD capability in a given band.
« Option 2: No restriction related to full power capability.

o Agreements :
* FFS




The listed options need clarification. For instance, option 1 may mean UEs can support only one of full power capabilities and report it or support it but not report it. What it is clear is that reporting at least one of the capabilities requires supporting UL MIMO. If TxD is supported but UL MIMO is not supported, how the UE behaves is not specified. Hence, it is up to the UE implementaion on how to make use of two Tx chains. It is, however, noted that the UE shall meet all the requirements regardless of the PA configurations.
Observation 7: Without supporting UL MIMO in a given band, a UE supporting TxD cannot report any ul-FullPwrMode related capabilities. 
Observation 8: How to achieve full power with two Tx chains is not specified. Hence it is up to UE implementation as far as the UEs meet all the requirements for TxD.

Proposal 3: Regardless of PA configurations(two full-rated, two non-full-rated, partially full-rated ), the UE supporting TxD should meet all the requirements for TxD.
3. Conclusion
This contribution obtained 8 observations and three proposal as follows.

Observations
Observation 1: If PC2 TxD PA configuration is 26dBm + 23dBm, the below current requirement can cover the extra 3 dB relaxation due to non-full-rated-PA usage for 1TyR if we follow a principle of the past.

The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band.
Observation 2: If PC2 TxD PA configuration is 26dBm + 26dBm, no extra 3 dB relaxation due to non-full-rated PA usage for 1TyR is needed.

Observation 3: If PC2 TxD PA configuration is 23dBm + 23dBm, the power transmitted via each antenna is lower than the PC2 for 1TyR by 3dB if Tx antenna virtualization is not used and this is not covered by the current specification.

Observation 4: If PC2 PA configuration is 23dBm + 23dBm and if Tx antenna virtualization is used, the situation becomes similar to Case 1(part of antennas is virtualized) or 2(all the antennas are virtualized).

Observation 5: If UE is assumed to virtualize Tx ports for the purpose of SRS antenna switching while NOT assumed to virtualize Rx ports for it in the same manner, the gain is not maximized.

Observation 6: If the above observations 1 - 4 are valid, the option 1a is at least not wrong if we follow the principle of the past for PC2 extra relaxation.
Observation 7: Without supporting UL MIMO in a given band, a UE supporting TxD cannot report any ul-FullPwrMode related capabilities. 

Observation 8: How to achieve full power with two Tx chains is not specified. Hence it is up to UE implementation as far as the UEs meet all the requirements for TxD.

Proposals

Proposal 1: At least UE performance requirements related to SRS for DL CIS acquisition should be established based on the assumption that a UE uses the same antenna virtualization configuration between Tx and Rx.

Proposal 2: In case extra relaxation due to non-full-rated PA is introduced, specification must be clear that it applies to only 1TyR case.

Proposal 3: Regardless of PA configurations(two full-rated, two non-full-rated, partially full-rated ), the UE supporting TxD should meet all the requirements for TxD.
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