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In RAN1 #104b-emeeting, RAN1 discussed UCI clarification, SRS carrier switching, SRS antenna switching and CR correction. With extensive discussion RAN1 made agreement on UCI clarification and CR correction, but SRS carrier switching, and antenna switching did not get progress. In this paper we bring our proposals on SRS carrier switching and antenna switching together with UL Tx switching with additional analysis.


UL Tx switching together with CA-based SRS switching
In R1-2103149, we clarified our thoughts why current specifications are with ambiguity together with draft text proposals which are for multiple section changes of TS 38.214 to fully solve the issue when SRS carrier switching is configured together with UL Tx switching. 
The blow text is the ambiguity analysis in RAN1 #104b-e, and we paste for information.
	We note that in the existing specification for SRS carrier switching, the following text is repeated multiple times:  
“… that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]”.  
In general, this text is ambiguous, and we propose to clarify it at least for UL Tx switching together with SRS carrier switching. In the following, we give an example where the ambiguity arises. 
The original intent of the text is to cover cases as the following example: 
The UE indicates the following CA band combination capabilities: 
· Band Combination 1: 
· Band X + Band Y DL CA together with Band X + Band Y UL CA, with 1 UL port in Band X and 2 UL ports in Band Y
· Band Combination 2: 
· Band X + Band Y DL CA with no UL CA, together with SRS carrier switching with Band X being source and Band Y being target for the switching. 
Assume that this UE is being configured with CA and SRS carrier switching according to Band Combination 2. This UE will not require a switching gap for SRS carrier switching, since the simultaneous transmission doesn’t exceed the UEs UL CA capability as indicated in Band Combination 1. On the other hand, another UE that indicates Band Combination 2 capability but not Band Combination 1 capability would require a switching gap. 
Now consider the following case. 
The UE indicates the following CA band combination capabilities: 
· Band Combination 1: 
· Band X + Band Y DL CA together with Band X + Band Y UL CA, with 1 UL port in Band X and 2 UL ports in Band Y
· Band Combination 3: 
· Band X + Band Y + Band Z DL CA together with Band X + Band Z UL CA with 1 UL port in Band X and 2 UL ports in Band Z, together with SRS carrier switching with Band X being source and Band Y being target for the switching. 
Now assume that this UE is being configured with DL and UL CA according to Band Combination 3. Suppose at a particular time instance, the UE is not configured to transmit in Band Z but is required to transmit PUSCH in Band X and SRS in Band Y at the same time. Strictly speaking, this instance would not exceed the UEs indicated UL CA capability as indicated in Band Combination 1.  However, obviously this UE is not capable of simultaneous transmission in Band X and Band Y, since transmit chain(s) are committed to Band Z, even if there is no Band Z transmission is configured at the given instance. Therefore, there is an ambiguity in how to interpret what is exceeding a UEs UL CA capability. We propose to clarify this by adding an explanation that for the purposes of evaluating what exceeds the UEs UL CA capability, transmission on all configured UL CCs need to be assumed, irrespective of whether actual transmission is taking place at a given instance or not. 
We note that this clarification would be useful for the general case of CA with more than two CCs, but at least it should be clarified for the case of UL Tx switching together with SRS carrier switching involving three carriers.  



During the email discussion in RAN1 #104b-emeeting, companies agreed that we could wait for the conclusion of email thread [104b-e-NR-7.1CRs -02] which is trying to solve similar ambiguity issue. However, the email thread [104b-e-NR-7.1CRs -02] didn’t conclude in RAN1 #104b-e and seems more meetings are needed.
As this R16 UL Tx switching has been delayed for couples of meetings already and the ambiguity of SRS carrier switching might not be able to be solved in a short time, we propose to conclude that the combination of SRS carrier switching and UL Tx switching is not supported in R16. Furthermore, we would suggest solving the issues in R17 for this combined feature.
Proposal 1: We propose to conclude that the combination of SRS carrier switching and UL Tx switching is not supported in R16.
Proposal 2: We suggest solving the issues in R17 for the combined feature of SRS carrier switching and UL Tx switching.

UL Tx switching together SRS antenna switching
In last two RAN1 meetings, we brought the illustrative figure and proposal to solve the potential error case when UL Tx switching is configured in the Y-symbol gap and made large efforts to explain the questions. 
The intent is to clarify what UL switching state is associated with the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214. 
The proposal is to clarify what the UE’s switching state is in the Y symbol gap between SRS transmissions. In the symbol(s) the UE is not transmitting on the CC with SRS. However, in order to determine the UE’s state for UL switching purposes, the UE must be assumed not as having no transmission but rather as having the same SRS transmission as before and after the gap. We feel this is straightforward to agree on. Without this agreement, the UE could be required to cancel dynamic or configured transmissions during the Y symbol gap, which the UE should not be required of doing in the general case. 
Furthermore, and more importantly, the UE can be configured with transients to be on CC2, in which case this is not only a valid scenario, but the UE would be required to actually transmit the overlapping transmission in the gap. 
During RAN1 #104b-emeeting, two companies questioned this case is not a valid case for two reasons: 
· “It has been precluded by current specification either the text about “no more than 1 UL Tx switching per slot”.  
· The text about switching gap is much larger than Y=1 symbol.
Note that the gap between SRS symbols can be greater than Y=1 symbol. 1 symbol is only the minimum, as described in the table in 38.214
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2



However, we can’t agree with this and would like to ask these two companies yet again to kindly indicate which part of the specification prevents the gNB to schedule an SRS that overlaps with the gap. 
1) Currently the gap means no transmission, which means 0P and 0T, therefore any overlapping transmission can be scheduled, putting the burden on the UE to filter out and drop the scheduled overlapping transmissions. 
2) There is no language in the specification that would prevent the gNB to schedule a transmission that will be damaged by transient periods or gaps. As a matter of fact, there was an explicit agreement made to allow such scheduling and putting the burden on the UE to filter out such transmissions when they occur. We think this is unnecessary and should be prevented for the antenna switching gap case. 
3) There are no two switches per slot. Even if a hypothetical presence of switches were to be assumed, the SRS with antenna switching can be on a 15kHz CC in the middle of the 15kHz slot, wherein the two hypothetical switches would fall in two different 30kHz slots, and the overlapping scheduled transmission is on a 30kHz CC. The two hypothetical switches would occur in two different 30kHz slots, therefore nothing in the current specification prevents this scenario. 
We don’t understand why we need to spend time on debating hypothetical reasons of saying something is ‘invalid’ when RAN1 made a very explicit agreement to allow scheduling overlapping transmissions in an UL Tx switching gap with putting the burden on the UE to cancel such transmissions. What we propose is to make this an error case, so that the UE doesn’t need to check. 
Since two companies argued that there is specification language that says that the UE is not expected to be configured with a transmission overlapping with the antenna switching gap, we again ask them to point out that language. In particular for the case of 140us gap between two 15kHz SRSs that crosses the boundary of two 30kHz slots, and with a UE having 35us switching gap capability. During email discussion in RAN1 104b-e, one company mentioned 38.214 Section 6.1.6, but the two UL Tx switches would be in two different 30kHz slots, therefore 38.214 Section 6.1.6 doesn’t say anything about this case. This is illustrated in Figure 1 below. 
[image: ]
Figure 1  UL Tx switch in the SRS antenna switching gap

[bookmark: OLE_LINK7]In our view, it is not appropriate to assume any possible transient within the gap to begin with because the UE in reality still uses the same number of Tx chains in the gap as before and after. Therefore, this overlapping scheduling needs to be treated as an error case, the same as any overlapping transmissions requiring 3 Tx chains. It should not be the UE’s responsibility to filter grants requiring transmissions within the gap. 
Therefore, it should be clarified what UL switching state is associated with the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214. 
Proposal 3: In the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214, the UE is assumed to operate with the same number of ports as before and after the gap.
Proposal 4: Adopt the TP in Annex.

Conclusions
We discussed the open issues on SRS carrier switching together with UL Tx switching, and SRS antenna switching together with UL Tx switching, and UCI mapping during UL Tx switching. Based on the discussion, we have the following proposals:

Proposal 1: We propose to conclude that the combination of SRS carrier switching and UL Tx switching is not supported in R16.
Proposal 2: We suggest solving the issues in R17 for the combined feature of SRS carrier switching and UL Tx switching.
Proposal 3: In the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214, the UE is assumed to operate with the same number of ports as before and after the gap.
Proposal 4: Adopt the TP in Annex.

Annex - Text proposal of UL Tx switching together with SRS antenna switching – TS38.214

	[bookmark: _Toc45810629][bookmark: _Toc60777205]6.1.6.2	Uplink switching for carrier aggregation

< unchanged text omitted>
If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 1-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	When the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers. 
-	For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier, then the UE is not expected to  transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on the same uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier, and any transmission on another uplink carrier.
-  the UE is assumed to operate with the same number of ports as before and after the gap in the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
< end of TP>
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