3GPP TSG RAN WG1 #114bis		        R1-2309818
Xiamen, China, October 9th – October 13th, 2023

Agenda Item:	7.1
Source:	Apple
Title:	Discussion on ambiguity on initial state in Rel-16 UL Tx switching
Document for:	Discussion/Decision
1. Introduction
In this contribution, we discuss NR Rel-16 maintenance issue for UL Tx switching on ambiguity  on the initial states of carrier, that was introduced under the work item on NR_RF_FR1.

2. Discussion
In Rel-16 UL Tx switching,  both switchedUL mode (without simultaneous transmission) and dualUL mode (including simultaneous transmission) are supported. Furthermore, carrier 1 can support transmission with 1Tx, while carrier 2 can support transmission with up to 2Tx. Based on different states of the carriers, TS 38.214 [1] in section 6.1.6 describes specific scenarios for which UL switching gap is needed. One key requirement to determine the need for switching gap is that both the UE and network need to know and be aligned about the previous state of the two carriers (before switching) and the next state of the two carriers (after switching). However, for the initial transmission, there is no previous state, therefore for certain scheduling scenario, there can be ambiguity on the Tx state of the carriers and as a result, network may not determine if there is switching gap needed or not for transition from initial state to the next state. This may lead to network to schedule without considering switching gap (if network considers the initial state such that there is no switching gap needed to transition to next state) and on the other hand, UE considers switching gap (if UE considers different initial state such that there is switching gap needed to transition to next state)

In Table 1, we summarize the 4 scheduling scenarios for a UE, that UE needs to handle in the initial state. 

Table1: Initial state of carriers for different scenarios with Rel-16 UL Tx switching

	Scenarios
	Scheduling on Carrier 1
	Scheduling on Carrier 2
	UL Tx chain State on Carrier 1
	UL Tx chain State on Carrier 2

	1
	1P
	0P
	1Tx
	1Tx

	2
	1P
	1P
	1Tx
	1Tx

	3
	0P
	2P
	0Tx
	2Tx

	4
	0P
	1P
	0Tx or 1Tx
	2Tx or 1Tx



Based on Table 1, it can be seen,  if UE is scheduled with scenario 4 in the initial state, i.e. no transmission on carrier 1 and single port transmission on carrier 2, then two different combinations for the Tx states are possible for 2 carriers. In one combination, no Tx chain is associated with carrier 1 and 2 Tx chains are associated with carrier 2. Alternatively, in another combination, 1 Tx chain is associated each with carrier 1 and carrier 2, respectively. Based on these two combinations, two different conditions for determining the need for switching gap is possible when switching is triggered. 
For example, if network triggers switching from scenario 4 in the initial state to scenario 1 in the next state, then two possibilities can be considered.

· Possibility 1 (No Ambiguity Issue): Network and UE assume same combination for carrier 1 and carrier 2, respectively, e.g. 1Tx+1Tx, in which case no switching gap is required because the Tx state for both carriers remain same.
· Possibility 2 (Ambiguity Issue): Network and UE assume different combination for carrier 1 and carrier 2, respectively, e.g. network assumes 1Tx+1Tx and UE assumes 0Tx+2Tx, in which case, according to network no switching gap is required, but, according to UE switching gap is required

Observation 1: For Rel-16 UL Tx switching, to determine if and what switching gap is needed, both the UE and network need to know and be aligned about the previous state of the two carriers (before switching) and the next state of the two carriers (after switching)
· For the initial transmission, there is no previous state, therefore for certain scheduling scenario, there can be ambiguity on the Tx state of the carriers and as a result, network may not determine if there is switching gap needed or not for transition from initial state to the next state.

Observation 2: For Rel-16 UL Tx switching, below table lists the scheduling scenarios and corresponding Tx states for carrier 1 and carrier2
· Scenario 4 has ambiguity issue in because two combinations of UL Tx states are possible for the same scheduling scenario
· For example, for switching from scenario 4 in the initial state to scenario 1 in the next state, if network and UE assume different combination for carrier 1 and carrier 2, respectively, e.g. network assumes 1Tx+1Tx and UE assumes 0Tx+2Tx, then, according to network no switching gap is required, but, according to UE switching gap is required
	Scenarios
	Scheduling on Carrier 1
	Scheduling on Carrier 2
	UL Tx chain State on Carrier 1
	UL Tx chain State on Carrier 2

	1
	1P
	0P
	1Tx
	1Tx

	2
	1P
	1P
	1Tx
	1Tx

	3
	0P
	2P
	0Tx
	2Tx

	4
	0P
	1P
	0Tx or 1Tx
	2Tx or 1Tx



It is critical that this issue needs to be resolved to avoid any ambiguity between network and UE. From our point of view, one possible solution we could consider somewhat similar approach as Rel-17, where for similar ambiguity cases, we introduced RRC parameter to configure “oneT” or “twoT” mode, i.e. whenever there is ambiguity about the UL Tx state for a carrier, based on the configuration, either 1Tx or 2Tx is assumed. For solving this initial state ambiguity in Rel-16, we may consider a default assumption on the UL Tx state, rather than introducing any new RRC parameter. Basically, for scenario 4, the default assumption could be that 2Tx is associated with carrier 2 and there is no Tx associated with carrier 1.
Proposal 1: For Rel-16 UL Tx switching, to avoid the ambiguity on the initial state of the two carriers, between network and UE; and consequently avoid misunderstanding on whether switching gap is needed or not for switching from initial state to next state, following solution should be adopted:
· Default state of 0Tx+2Tx for carrier 1 and carrier 2 is assumed by both network and UE, respectively, for the scheduling scenario when there is no transmission on carrier 1 and single port transmission on carrier 2 in the initial state
3. Conclusions
In this contribution, we provide following observations and proposal related to Rel-16 UL Tx switching ambiguity issue during the initial state:
Observation 1: For Rel-16 UL Tx switching, to determine if and what switching gap is needed, both the UE and network need to know and be aligned about the previous state of the two carriers (before switching) and the next state of the two carriers (after switching)
· For the initial transmission, there is no previous state, therefore for certain scheduling scenario, there can be ambiguity on the Tx state of the carriers and as a result, network may not determine if there is switching gap needed or not for transition from initial state to the next state.

Observation 2: For Rel-16 UL Tx switching, below table lists the scheduling scenarios and corresponding Tx states for carrier 1 and carrier2
· Scenario 4 has ambiguity issue in because two combinations of UL Tx states are possible for the same scheduling scenario
· For example, for switching from scenario 4 in the initial state to scenario 1 in the next state, if network and UE assume different combination for carrier 1 and carrier 2, respectively, e.g. network assumes 1Tx+1Tx and UE assumes 0Tx+2Tx, then, according to network no switching gap is required, but, according to UE switching gap is required
	Scenarios
	Scheduling on Carrier 1
	Scheduling on Carrier 2
	UL Tx chain State on Carrier 1
	UL Tx chain State on Carrier 2

	1
	1P
	0P
	1Tx
	1Tx

	2
	1P
	1P
	1Tx
	1Tx

	3
	0P
	2P
	0Tx
	2Tx

	4
	0P
	1P
	0Tx or 1Tx
	2Tx or 1Tx



Proposal 1: For Rel-16 UL Tx switching, to avoid the ambiguity on the initial state of the two carriers, between network and UE; and consequently avoid misunderstanding on whether switching gap is needed or not for switching from initial state to next state, following solution should be adopted:
· Default state of 0Tx+2Tx for carrier 1 and carrier is assumed by both network and UE, respectively, for the scheduling scenario when there is no transmission on carrier 1 and single port transmission on carrier 2 in the initial state
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