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1. Introduction
In the RAN4#106 meeting, the discussion on Tx switching with dual TAGs continued with the following conclusion [1] although companies have different opinions in mind about the handling of time mask for 1-TAG. 
	Sub-topic 2-2: Clarificaiton on UE behaviour in 2-TAG case
Way forward:
· For UEs declaring the Tx switching support with 2-TAG, the baseline and advanced UE behaviors applies to both 1-TAG and 2-TAG cases.


In this contribution, we would like to focus on consistency time mask for 1-TAG and 2-TAG, and the other standard efforts required for 2-TAG.
2. Discussion
2.1. The application of time mask
Firstly, as specified in TS 38.214, the resource allocation in time domain for PUSCH is as follows.
	TS 38.214 section 6.1.2.1 Resource allocation in time domain


The indexed row defines the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter
…
The UE shall consider the S and L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A (repetition Type A only)
	0
	{4,…,14}
	{4,…,14} 
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12} for repetition Type A, {1,…,23} for repetition Type B





It shows that for both the PUSCH mapping types, the network can schedule the time domain resource for a PUSCH as full slot. So it is possible that the UL transmission on the switch-from band and the UL transmission on the switch-to band are back-to-back, or the time of no UL transmission allocated is longer than the switching period. 
The time masks specified are only applied to the scenario of the time of no UL transmission allocated shorter than the switching period, and used to indicate on which band the transmission is affected to help with RAN5 testing. For the rest scenario that gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier that is longer than the switching period, it is not required to apply time mask since no transmission is affected and the RRC configuration of uplinkTxSwitchingPeriodLocation does not take effect as agreed in the Feb RAN1 meeting.
	Agreement
· If the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period,
· The time of no UL transmission allocated absorbs the switching period
· Neither of the uplink transmissions (the one ending on the switch-from carrier nor the one starting on the switch-to carrier) are interrupted by the switching period.
· The setting of uplinkTxSwitchingPeriodLocation has no impact.


[bookmark: _Ref130823312]Observation 1: Time mask is not applicable when gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier that is longer than the switching period, since no transmission is affected and the RRC configuration of uplinkTxSwitchingPeriodLocation does not take effect.
2.2. Discussion on T0
The T0 is appeared in RAN1 spec TS38.214, and it is introduced in Rel-16 to avoid twisted-order scheduling. In the example in Figure 1, the UL grant#1 is received with the last symbol at T0-Toffset, and is to scheduling the UL transmission#1 starting at T0. Then the UE receives UL grant#2 after T0-Toffset, and the UL grant#2 is used to trigger new uplink switching before T0. This out-of-order scheduling is treated as an error case and should be avoided.
In the specification, T0 represents the starting symbol of the scheduled or configured PUSCH transmission.
	TS 38.214 section 6.1.6 Uplink switching
…
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].


[image: ]
[bookmark: _Ref130672381]Figure 1 The twisted-order scheduling for Tx switching as an error case
[bookmark: _Ref130823322]Observation 2: The introduction of T0 is to avoid twisted-order scheduling. And T0 represents the starting symbol of the scheduled or configured PUSCH transmission.

When the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period, in other word, the time of no UL transmission allocated is longer than the switching period, it is up to UE’s implementation that it can execute Tx switching at any position after the transmission on the switch-from band and before the transmission on the switch-to band.
For example, in the following diagram, there are four possible switching period time domain locations for the switching between band A and band B. If the switching period is specified as sw period#4, as proposed in [2] there are two shortcomings. 
· There could be backward compatibility issue. The feature of Tx switching has been specified since Rel-16, and fixed time domain location of switching period may conflict with the implementation of Rel-16 UE. 
· The cost of fixed time domain location of sw period is to sacrifice the UE flexibility to determine the switching period location. The flexibility is more important in Rel-18 to perform switching among 3/4 bands to avoid too frequently switching.
[image: ]
Figure 2 
[bookmark: _Ref130823345]Observation 3: When the time of no UL transmission allocated is longer than the switching period, fixed time domain location of switching period would cause backward compatibility issue and sacrifice the flexibility of the UE.
When the gNB does not provide sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period, in other word, the time of no UL transmission allocated is shorter than the switching period, and the switching period location is configured on the switch-to band, the scheduled starting point of the transmission is before the end of the switching period as shown in Figure 3. If it is specified that the switching period is located immediately before time T0, part of switching period would be located at the allocated resource for the transmission on the switch-from band as shown in Figure 4, which is conflict with the RRC configuration.
[image: ]
[bookmark: _Ref130674169]Figure 3
[image: ]
[bookmark: _Ref130674319]Figure 4
[bookmark: _Ref130823351]Observation 4: When the time of no UL transmission allocated is shorter than the switching period, and the switching period location is configured on the switch-to band, fixed time domain location of switching period is conflict with the RRC configuration.
2.3. Discussion on the specification impact of Tx switching with 2-TAG
There are descriptions for the UE behavior under Tx switching in both RAN1, RAN4 and RAN5 specs, we need to align the understanding of all the specs.
	TS 38.214 section 6.1.6 Uplink switching
The UE may omit uplink transmission during the uplink switching gap  if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching. The switching gap  is indicated by UE capability uplinkTxSwitchingPeriod2T2T if uplinkTxSwitching-2T-Mode is configured, and uplinkTxSwitchingPeriod otherwise…


From the perspective of network, it assumes that there is no uplink transmission during the uplink switching gap if the allocated resource overlaps with the uplink switching gap. The description is not applicable to the case that there is sufficient time of no transmission allocated and for the UE to execute Tx switching.
As for the time mask, it represents the alignment between the UE and the network that during which period the Tx chain is executing switching and may not ready for uplink transmission due to RF retuning if the time of no UL transmission allocated is shorter than the switching period. And RAN5 refers to the time mask to test with the in TS38.521-1[3].
	[bookmark: _Toc69306138][bookmark: _Toc69309859][bookmark: _Toc76020174][bookmark: _Toc83720656]TS38.521-1  6.3A.3.1_1	Time mask for switching between two uplink carriers
6.3A.3.1_1.4.2	Test procedure
1.	Sub test 1: Switching period located in Carrier 1
1.1.	Configure SCC according to Annex C.0, C.1, C.2 for all downlink physical channels.
1.2.	The SS shall configure SCC as per TS 38.508-1 [5] clause 5.5.1. Message contents are defined in clause 6.3A.3.1_1.4.3 with uplinkTxSwitchingPeriodLocation-r16 configured TRUE on carrier1 and FALSE on carrier 2. Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
1.3.	SS activates SCC by sending the activation MAC CE (Refer TS 38.321 [18], clauses 5.9, 6.1.3.10). Wait for at least 2 seconds (Refer TS 38.133 [19], clause 9.3).
1.4.	SS sends uplink scheduling information via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.3A.3.1_1.4.1-1 on carrier 1 on slot n-1, where slot n is an uplink slot for carrier 2. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. 
1.5.	The SS sends uplink scheduling information via DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.3A.3.1_1.4.1-1 on carrier 2 starting on slot n and slot m, with both slot n and slot m being uplink slots for carrier 2 and m ≥ n+20 when SCS=15kHz (m ≥ n+40 when SCS=30 kHz, m ≥ n+80 when SCS=60 kHz). Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2.
1.6.	Measure the output power of UE PUSCH transmission for carrier 1 during slot n-1 excluding a transient period of 10 µs and a Switching period X µs in the end of slot n-1. The length of uplink switching period X is indicated by UE capability uplinkTxSwitchingPeriod.
1.7.	Measure the sum of output power of UE PUSCH transmission on carrier 2 over all antenna connectors during slot n and slot m excluding a transient period of 10 µs in the beginning of slot n and in the end of slot m 
1.8.	SS sends uplink scheduling information via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.3A.3.1_1.4.1-1 on carrier 1 on slot m+1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
1.9. Measure the output power of UE PUSCH transmission for carrier 1 during slot m+1 excluding a switching period X and a transient period of 10 µs in the beginning of slot m+1. The length of uplink switching period X is indicated by UE capability uplinkTxSwitchingPeriod.


[bookmark: _Ref130823361]Observation 5: RAN5 specified the test procedure according to the time mask in RAN4 spec that 	‘Measure the output power of UE PUSCH transmission for carrier 1 during slot n-1 excluding a transient period of 10 µs and a Switching period X µs in the end of slot n-1’.
In other words, if the allocated resource for the uplink transmission overlaps with the switching period, it is not required to measure the output power during switching period assuming no uplink transmission in the duration. It is not the intention of time mask to regulate scheduling restriction. In 2-TAG, the time mask may not be modified due to the scheduling restriction.
[bookmark: _Ref130823369]Observation 6: Time mask is not used to specify the network scheduling restriction.
[bookmark: _Ref130823376]Proposal 1: In 2-TAG, the time mask may not be modified due to the scheduling restriction.
The existence of TA difference is the main factor to differentiate multiple TAGs from single TAG. 
Actually, we have an example in Rel-17, which is similar to Tx switching with multiple TAGs. Due to timing advance difference of V2X and Uu, Rel-17 intra-band V2X and Uu concurrent operation has the similar issue. It was captured in TR38.785 User Equipment (UE) radio transmission and reception for enhanced NR sidelink by [2] that 
	In RAN4 #101 meeting, RAN4 decided to apply the different TA between NR Uu and NR SL. The expected NR Uu’s TA is 6.6us + 13us =19.6us when RAN4 assumed cell range with 1km. But the TASL is only considered the NTA_offset with 13us as shown in Figure 5.2.3.2.1-1.
NOTE: The different TA between NR SL and NR Uu could be interfered each other carrier. Some cases, the interference problem are elimited by last symbol puncturing and other means. Specially, the interference problem will be raised for the larger cell range such as over 5km cell range.


The situation of Rel-17 intra-band V2X and Uu concurrent operation is same as Tx switching with multiple TAGs given that both the cases take the different TA in to account. Thus, the standardization procedure including the discussion on the former issue can be as reference of Tx switching with mTAG. 
In TR38.785, the timing advance difference between SL and NR Uu is considered in the real field.
	In the real field, there is a timing advance difference, i.e.  between NR Uu slot and NR SL slot due to different timing advance of NR Uu and NR SL which has been specified in sub-clause 5.2.1. The On/Off time mask can be shifted due to the time advance difference in the same carrier and different carrier and it is shown in following figure 5.2.3.2.1-6 and figure 5.2.3.2.1-7.
[image: ]
Figure 5.2.3.2.1-6: Time mask shift due to time difference for NR SL switching to NR Uu
[image: ]
Figure 5.2.3.2.1-7: Time mask shift due to time difference for NR Uu switching to NR SL



But timing advance difference between SL and NR Uu is not reflected in the time mask as illustrated in 38.101-1 because switching time mask requirement only considering the hardware limitation. And it is not necessary to include TA in switching time mask [3], which is not a fixed value.
	6.3E.3.4	Transmit ON/OFF time mask for V2X con-current operation
For the inter-band con-current NR V2X operation, the requirements specified in clause 6.3.3 shall apply for the uplink in licensed band and the requirements specified in clause 6.3E.3.2 and 6.3E.3.3 shall apply for the sidelink in licensed band or Band n47.
…
[image: ]
Figure 6.3E.3.4-2: Time mask for switching between Uu and SL for different carrier case
In the real field, there is a timing advance difference, i.e.  between NR Uu slot and NR SL slot due to different timing advance of NR Uu and NR SL. The switching time masks do not include timing advance difference but the timing advance difference should be considered with the switching time for same carrier case and different carrier case.


 
We consider the time mask of multi-TAG Tx switching with reference to intra-band V2X con-current operation. In the case of switching between NR Uu slot and NR SL slot, TA difference is not captured in the switching time mask. The same principle can be followed by UL Tx switching with dual-TAG.

	5.5.4	Scheduling restriction
5.5.4.3	 Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). 
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2).
The following scheduling restriction applies to measurement on an FR2 serving cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols of the serving cell.


Thus, for Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PRACH/PUCCH/PUSCH/SRS on OFDM symbols that fully or partially overlaps with the switching period on both the carriers. Or, the UE is not expected to transmit for the duration of the switching period on any of the two carriers for any timing difference between carriers. The switching period refers to the capability that the UE reports.
[bookmark: _Ref132056036]Proposal 2: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands.
[bookmark: _GoBack]For the UL outage time, some companies proposed that the value of outage time is different from that of switching period with multiple TAGs. For now, there is no strict concept for outage time, but we can take ‘DL interruption’ as a reference. The ‘DL interruption’ is related to only one DL carrier. The DL transmission pauses before the ‘DL interruption’ duration and resumes afterwards. While the UL outage time is related to two carriers/bands, it can be the duration that the UE suspends UL transmission temporarily. For Tx switching with single TAG, UE suspends UL transmission on the carrier/band the Tx chain switched from and resumes transmitting on the carrier/band the Tx chain switched to during the switching period. The duration of outage time equals to switching period. In the Tx switching with multiple TAG, the outage time would be OFDM symbols that overlaps with the switching period on both the carriers/bands. The network scheduling restriction reflects the concept of outage time. And it is not needed to define ‘outage time’ in the spec.
For Tx switching with 1-TAG without uplink timing difference, the switching gap as indicated by UE capability is accurate. But for Tx switching with 2-TAG, from the view of the two non-collocated network respectively, the switching period reported by the UE could be less than one OFDM symbol shorter. 
There are possible two solutions. The first one is to restrict scheduling as we analyzed in [4] and presented in [5]. For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands. The other solution is to follow the convention of Rel-16 and Rel-17 that the duration for UE omitting uplink transmission is switching period+1 symbol.
[bookmark: _Ref130823379]Proposal 3: The standard impact from Tx switching in 2-TAG is: 
· Option a: Scheduling restriction 
The UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands. 
· Option b: The duration for UE omitting uplink transmission is switching period+1 symbol.
3. Conclusions
This contribution presents discussions on potential RAN4 impact to support the UL Tx switching among 3 bands/4 bands with multiple TAGs.
Observation 1: Time mask is not applicable when gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier that is longer than the switching period, since no transmission is affected and the RRC configuration of uplinkTxSwitchingPeriodLocation does not take effect.
Observation 2: The introduction of T0 is to avoid twisted-order scheduling. And T0 represents the starting symbol of the scheduled or configured PUSCH transmission.
Observation 3: When the time of no UL transmission allocated is longer than the switching period, fixed time domain location of switching period would cause backward compatibility issue and sacrifice the flexibility of the UE.
Observation 4: When the time of no UL transmission allocated is shorter than the switching period, and the switching period location is configured on the switch-to band, fixed time domain location of switching period is conflict with the RRC configuration.
Observation 5: RAN5 specified the test procedure according to the time mask in RAN4 spec that 	‘Measure the output power of UE PUSCH transmission for carrier 1 during slot n-1 excluding a transient period of 10 µs and a Switching period X µs in the end of slot n-1’.
Observation 6: Time mask is not used to specify the network scheduling restriction.
Proposal 1: In 2-TAG, the time mask may not be modified due to the scheduling restriction.
Proposal 2: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands.
Proposal 3: The standard impact from Tx switching in 2-TAG is:
· Option a: Scheduling restriction 
The UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands. 
· Option b: The duration for UE omitting uplink transmission is switching period+1 symbol.
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