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1. Introduction

This contribution discusses applicable conditions of ∆TRxSRS. The motivation comes from a view that the current requirements may not reflect original RAN4 agreements with RAN1 terms such as “SRS” and “SRS port” in an appropriate way. Note that this contribution does not intend to change the original RAN4 agreements on ∆TRxSRS.
2. Discussion
∆TRxSRS applicability is specified in TS 38.101-1 as follows.

--------------------------------------------------------excerpt from 38.101-1-------------------------------------------------------------

∆TRxSRS is applied when

a)
UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'

b)
UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as '2T4R' or '1T4R/2T4R, or'

c)
UE transmits SRS to a DL-only carrier.

The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band.  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.

For other SRS transmissions ∆TRxSRS is zero;

----------------------------------------------------end of excerpt from 38.101-1---------------------------------------------------------

The above “a)” can be divided into three parts as follows.

a1)
UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'
a2)
UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'
a3)
UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R' 
Regarding a1), i.e., 1T2R, the SRS switching situation in an SRS resource set is illustrated in Figure 2-1, where it has two SRS resources transmitted in different symbols, each SRS resource in the set consisting of a single SRS port, and the SRS port of the second SRS resource in the set is associated with a different UE antenna port than the SRS port of the first SRS resource in the same set as described in TS 38.214. It means that the number of SRS ports is always one each SRS resource transmission so that the numbering of SRS port is always the same as shown in Figure 2-1 regardless of the 1st or 2nd SRS resource transmission. 
Observation 1: For 1T2R, the numbering of SRS port is always the same, e.g., “0” regardless of the number of SRS resource sets to be configured with.

In addition, according to TS 38.214, it is possible for up to two SRS resource sets to be configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set. It means that the total number of SRS resources can be up to four in two SRS resource sets. Two of them are transmitted in each of the SRS resource sets with different resource Type such as periodic, aperiodic etc., while the SRS port numbering is always the same to transmit each of the SRS resources. Given that “SRS” in the “transmits SRS” in the current specification means SRS resource, the 1st and 3rd SRS resources transmissions across two SRS resource sets must be allowed to use relaxation. Because the UE configured with one SRS resource set which has two SRS resources can complete sounding channels via all two antennas within the set. Hence, with two SRS resource sets, the UE has chances to transmit SRS resources from the main antenna twice.
Observation 2: For 1T2R, relaxation for other than 1st SRS resource transmission or other than 1st and 3rd SRS resource transmission depends on the number of configured SRS resource set(s).
From observation 1 and 2, we observe the following.

Observation 3: For 1T2R, the current specification may not be able to reflect applicable conditions for ∆TRxSRS correctly if a UE is configured with two SRS resource sets.
Observation 4: For 1T2R, the original intention of the current specification can be expressed in following ways.

Option 1: The relaxation applies to antenna port(s) when the 2nd and/or 4th SRS resource(s) are transmitted.
Option 2: The relaxation applies to antenna port(s) when the 2nd SRS resource is transmitted in a given SRS resource set.
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Figure 2-1: The covered assumptions by a1) for PC3
Regarding a2), i.e., 1T4R, the SRS switching situation in an SRS resource set is illustrated in Figure 2-2 which shows a case for the two sets are each configured with two SRS resources. As shown in Figure 2-2, the numbering of SRS ports is always the same here as well. 
Unlike 1T2R, for 1T4R, sounding channel via all the antennas cannot be completed in one SRS resource set, since SRS can be transmitted within the last six symbols in a slot with the consideration of the fact that guard periods for the SRS antenna switching(hence at least seven symbols are necessary to complete sounding channels via all of the antennas). But at least the relaxation should be applied to antenna ports other than those transmitting the 1st SRS resource. In case the number of SRS resource sets is two for 1T4R, one SRS resource can be transmitted in a SRS resource set while the other three SRS resources can be transmitted in the other SRS resource set OR two SRS resources can be transmitted in each of the two SRS resource sets. Whatever the cases are, antenna ports transmitting other than the 1st SRS resource across SRS resource sets should be allowed to use non-zero ∆TRxSRS relaxation. There is, however, an additional issue compared to 1T2R that it is also possible to configure SRS switching at slot level periodicity. For this case, it is not possible to use similar expressions indicated in observation 4. For this particular case, it may be said that relaxation applies to antenna ports other than transmitting the SRS resource in the 1st SRS resource set in the 1st slot among the four slots. 
Observation 5: Ways of expressions provided in observation 4 cannot be used for 1T4R due to slot level periodicity. 
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Figure 2-2: The covered assumptions by a2) for PC3
Regarding a3), this text applies to the case only when a UE is using 1T4R instead of 2T4R. And a3) is exactly the same text as that of b3) to be discussed subsequently so that clarification is needed. Otherwise it looks confusing.
Next, we discuss b), which can be divided into four parts as follows.

b1) UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as '2T4R' or '1T4R/2T4R
b2) UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as '2T4R' or '1T4R/2T4R
b3) UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as '2T4R' or '1T4R/2T4R
b4) UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as '2T4R' or '1T4R/2T4R
Regarding ‘2T4R’, i.e., b1) and b2), the original intention of the texts is illustrated in Figure 2-3. The ∆TRxSRS relaxation is applied to the 2nd SRS port pair of the 2nd SRS resource transmission. Each SRS port pair, i.e., the 1st SRS port pair and the 2nd SRS port pair includes two SRS ports, respectively. Hence, an expression “UE transmits SRS to other than first or second SRS port” would not be suitable to describe this situation correctly.
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Figure 2-3: ∆TRxSRS applicability to ‘2T4R’ for PC3

Observation 6: The current specification would not correctly cover non-zero ∆TRxSRS for ‘2T4R’ since an SRS resource is transmitted not from an SRS port but rather from an SRS port pair. Hence more correctly, the relaxation applies to the SRS port pair of the second resource than the SRS port pair of the first resource.
With respect to ‘1T4R/2T4R’, a3) and b2) are exactly the same and the content is overlapped. In the end, the relaxation applicability to ‘1T4R/2T4R’ depends on how many SRS ports are configured with. If one SRS port is configured, it follows a2) or else if two SRS ports are configured, it follows b1/b2, though we believe these a2, b1 and b3 need clarification. 
Observation 7: 1T2R or 2T4R requirement just should be applied to ‘1T4R/2T4R’ depending on the configured nrofSRS-Ports to be 1 or 2, respectively. 
From these seven observations, it would be quite challenging to express relaxation applicability in a simple way for each case including the order of the transmission of SRS resources.  
Observation 8: It would be quite challenging to express relaxation applicability in a simple way for each case including the order of the transmission of SRS resources.
And this complexity will increase if up to xT8R is introduced in the future. 
Observation 9: Relaxation applicability will become more complex if xT8R is introduced.
Proposal: RAN4 should address clarification if the four observations made in this contribution is correct. 

One possible way to simplify the requirements would remove “the order” of SRS transmission aspects and focus on mentioning the number of antenna ports which are allowed to use relaxation. Examples are shared as below.  

For 1TxR(x=2 or 4), relaxation applies to one of the x antenna ports in each completion of SRS resources transmission from all of the x antennas.
For 2TxR(x=4), relaxation applies to two of the x antenna ports in each completion of x SRS resources transmission from all of the x antennas.
For 1T4R/2T4R, relaxation for 1TxR or 2TxR applies depending on the configured nrofSRS-Ports to be 1 or 2, respectively.
3. Conclusion
This contribution obtained 9 observations and one proposal as follows.

Observation 1: For 1T2R, the numbering of SRS port is always the same, e.g., “0” regardless of the number of SRS resource sets to be configured with.

Observation 2: For 1T2R, relaxation for other than 1st SRS resource transmission or other than 1st and 3rd SRS resource transmission depends on the number of configured SRS resource set(s).

Observation 3: For 1T2R, the current specification may not be able to reflect applicable conditions for ∆TRxSRS correctly if a UE is configured with two SRS resource sets.
Observation 4: For 1T2R, the original intention of the current specification can be expressed in following ways.

Option 1: The relaxation applies to antenna port(s) when the 2nd and/or 4th SRS resource(s) are transmitted.

Option 2: The relaxation applies to antenna port(s) when the 2nd SRS resource is transmitted in a given SRS resource set.

Observation 5: Ways of expressions provided in observation 4 cannot be used for 1T4R due to slot level periodicity. 

Observation 6: The current specification would not correctly cover non-zero ∆TRxSRS for ‘2T4R’ since an SRS resource is transmitted not from an SRS port but rather from an SRS port pair. Hence more correctly, the relaxation applies to the SRS port pair of the second resource than the SRS port pair of the first resource.
Observation 7: 1T2R or 2T4R requirement just should be applied to ‘1T4R/2T4R’ depending on the configured nrofSRS-Ports to be 1 or 2, respectively. 
Observation 8: It would be quite challenging to express relaxation applicability in a simple way for each case including the order of the transmission of SRS resources.
Observation 9: Relaxation applicability will become more complex if xT8R is introduced.
Proposal: RAN4 should address clarification if the four observations made in this contribution is correct. 

One possible way to simplify the requirements would remove “the order” of SRS transmission aspects and focus on mentioning the number of antenna ports which are allowed to use relaxation. Examples are shared as below.  

For 1TxR(x=2 or 4), relaxation applies to one of the x antenna ports in each completion of SRS resources transmission from all of the x antennas.

For 2TxR(x=4), relaxation applies to two of the x antenna ports in each completion of x SRS resources transmission from all of the x antennas.

For 1T4R/2T4R, relaxation for 1TxR or 2TxR applies depending on the configured nrofSRS-Ports to be 1 or 2, respectively.
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