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1. [bookmark: _Toc120549591]Introduction
During last RAN1#110 meeting [1], issues on the potential switching mechanisms for Rel-18 multi-carrier UL Tx switching were discussed, and the general framework was identified to support dynamic switching across 3 or 4 configured bands.
In this contribution, we will further discuss and share our views on the issues on multi-carrier UL Tx switching schemes, including dynamic UL Tx switching mechanism and corresponding configurations.
2. Discussion
2.1 Dynamic switching mechanism
As the switching capability is enabled in more bands for Rel-18 UL Tx switching, the increasing cases of different band combination scenarios lead to the design for UL Tx switching mechanism become more complex. In this section, we will discuss detailed dynamic switching mechanism to support UL Tx switching across 3 and 4 bands. 
2.1.1 Mapping between Tx chains and UL transmission ports
During the last RAN1 meeting, it is recommended to focus on the Alt.1 as baseline of potential UL Tx switching mechanism. The principle of Rel-16/17 switching mechanism can be extended to 3 or 4 bands in Alt.1, which can provide flexibility for scheduling and UL Tx switching. In this way, to clarify the conditions that need to trigger switching period for the cases, the mapping between antenna ports and Tx chains for all possible cases need unified definition.
During RAN#96 meeting and RAN#97 meeting, the target scenarios for Rel-18 UL Tx switching were discussed and the following guidance is provided in RAN#96 meeting for further study [2].
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands in Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Further check additional scenarios in RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching


Considering that different scenarios may be configured with different carriers/bands combinations, we will discuss the switching cases respectively by taking the possible scenarios into account, including the UL CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL, UL CA with one SUL and potential two SULs scenarios for Rel-18 multi-carrier UL Tx operation. 
UL Tx switching mechanism for inter-band UL Option 1 CA without SUL
Regarding the Tx switching for UL CA option 1 (switched UL), there is no concurrent transmission on two carriers. We listed the mapping between UL transmission ports and Tx chains for UL Tx switching across 3 or 4 bands in UL CA scenarios as following.
· For 2Tx-2Tx switching across 3 bands, the mapping between UL transmission ports and Tx chains for UL CA option 1 (switched UL) can be defined as in Table 1.

Table 1. 2Tx-2Tx switching across 3 bands for UL CA option 1 (switched UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C)
	Number of antenna ports for UL transmission 
(band A+band B+band C)

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for UL CA option 1 (switched UL) can be defined as in Table 2.

Table 2. 2Tx-2Tx switching across 4 bands for UL CA option 1 (switched UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C+band D)
	Number of antenna ports for UL transmission 
(band A+band B +band C+band D)

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P


UL Tx switching mechanism for inter-band UL Option 2 CA without SUL
Regarding the UL Tx switching for UL CA option 2 (dual UL), UE is allowed to concurrent transmission on any of two configured carriers. We listed the mapping between UL transmission ports and Tx chains for UL Tx switching across 3 or 4 bands in UL CA scenarios as following.
· For 2Tx-2Tx switching across 3 bands, the mapping between UL transmission ports and Tx chains for UL CA option 2 (dual UL) can be defined as in Table 3.

Table 3. 2Tx-2Tx switching across 3 bands for UL CA option 2 (dual UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C)
	Number of antenna ports for UL transmission 
(band A+band B+band C)

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P 

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P

	Case 4
	1T+1T+0T
	1P+0P+0P, 1P+1P+0P, 0P+1P+0P

	Case 5
	1T+0T+1T
	1P+0P+0P, 1P+0P+1P, 0P+0P+1P

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for UL CA option 2 (dual UL)can be defined as in Table 4.

Table 4. 2Tx-2Tx switching across 4 bands for UL CA option 2 (dual UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C+band D)
	Number of antenna ports for UL transmission 
(band A+band B +band C+band D)

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P

	Case 5
	1T+1T+0T+0T
	1P+0P+0P+0P, 1P+1P+0P+0P, 0P+1P+0P+0P

	Case 6
	1T+0T+1T+0T
	1P+0P+0P+0P, 1P+0P+1P+0P, 0P+0P+1P+0P

	Case 7
	1T+0T+0T+1T
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 8
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 9
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 10
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P


UL Tx switching mechanism for inter-band UL CA with 1 SUL band
Considering inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 other NUL band, it is noted that UL CA is performed between NUL bands according to current RAN4 specifications should not be changed. If UL CA Option 1 is performed between NUL bands, then the mapping between UL transmission ports and Tx chains for this case is similar to the mapping relationship for UL CA option 1 (switched UL). If concurrent transmission can be performed between NUL bands, which is possible according to current specification, the cases with 1T+1T chain states on NUL bands can be supported for UL Tx switching.  
· For 2Tx-2Tx switching across 3 bands, the mapping between UL transmission ports and Tx chains for UL CA with 1 SUL band can be defined as in Table 5.

Table 5. 2Tx-2Tx switching across 3 bands for UL CA with 1 SUL band
	 
	Number of Tx chains in WID 
{band A(SUL)+band B(NUL)}+band C(NUL)
	Number of antenna ports for UL transmission 
{band A(SUL)+band B(NUL)}+band C(NUL)

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P 

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P

	Case 4 (Simultaneous transmission across 2 NUL bands)
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for UL CA with 1 SUL band can be defined as in Table 6.

Table 6. 2Tx-2Tx switching across 4 bands for UL CA with 1 SUL band
	 
	Number of Tx chains in WID 
{band A(SUL)+band B(NUL)}+band C(NUL)+band D(NUL)
	Number of antenna ports for UL transmission 
{band A(SUL)+band B(NUL)}+band C(NUL)+band D(NUL)

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P

	Case 5 (Simultaneous transmission across 2 NUL bands)
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 6 (Simultaneous transmission across 2 NUL bands)
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 7 (Simultaneous transmission across 2 NUL bands)
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P


UL Tx switching mechanism across 4 bands for inter-band UL CA with 2 SUL bands
Potential scenarios of the inter-band CA with 2 SUL bands can also be supported by the same mechanism, such as inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}, inter-band UL CA option 2 (i.e., dual UL) for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}(simultaneous UL transmission across 2 NUL bands or 2 SUL bands can be supported), in our views, current switching mechanism can also be applied, no extra mechanism is needed for these scenarios. 
· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for inter-band UL CA Option 1 with 2 SUL bands can be defined as in Table 7.

Table 7. 2Tx-2Tx switching across 4 bands for inter-band UL CA Option 1 with 2 SUL bands
	 
	Number of Tx chains in WID 
{band A(SUL)+band B(NUL)}+
{band C(SUL)+band D(NUL)}
	Number of antenna ports for UL transmission 
{band A(SUL)+band B(NUL)}+
{band C(SUL)+band D(NUL)}

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 2 SUL bands can be defined as in Table 8.

Table 8. 2Tx-2Tx switching across 4 bands for UL CA Option 2 with 2 SUL bands
	 
	Number of Tx chains in WID 
{band A(SUL)+band B(NUL)}+
{band C(SUL)+band D(NUL)}
	Number of antenna ports for UL transmission 
{band A(SUL)+band B(NUL)}+
{band C(SUL)+band D(NUL)}

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P 

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P

	Case 5 (Simultaneous transmission across 2 SUL bands)
	1T+0T+1T+0T
	1P+0P+0P+0P, 1P+0P+1P+0P, 0P+0P+1P+0P

	Case 6 (Simultaneous transmission across 2 NUL bands)
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P


Besides, in the CA scenarios with intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands, the mapping between UL transmission ports and Tx chains of such cases can be similar to Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.
Proposal 1. If dynamic UL Tx switching across 3 and 4 bands is supported, the following switching cases can be considered.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 1 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 1 and Table 2.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 2 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 3 and Table 4.
· For UL Tx switching across 3 or 4 bands in inter-band UL CA with 1 SUL band, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 5 and Table 6.
· For UL Tx switching across 4 bands in inter-band UL CA with 2 SUL bands, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 7 and Table 8.
· For UL Tx switching across 3 or 4 bands in intra-band two contiguous aggregated carriers within one non-SUL band scenarios, the mapping between UL transmission ports and Tx chains can be similar to Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.

2.1.2 Discussion on scheduling restriction
It is commented that some switching configurations should be considered due to the potential complexity when fully dynamic Tx switching across 3 or 4 bands is enabled. During last RAN1 meeting, some potential options for complexity reduction and scheduling restriction of dynamic Tx switching mechanism across the configured bands were proposed, which are listed as below, and the related analysis from our side are as the following.
	Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
· Other options are not precluded


According to the motivation of the WI on multi-carrier enhancement, it is important to ensure the available scattered spectrum bands or wider bandwidth spectrum can be utilized in a more spectral/power efficient and flexible manner, which may potentially lead to higher UL data rate, spectrum utilization and UL capacity. From our perspective, it is not reasonable to support all options listed above to reduce the number of supported switching cases and/or supported transmission configurations for complexity reduction, which may result in the overlapping reduced switching cases, and it is unclear whether reducing some switching cases will provide more performance gains.  
Option 1: 
Considering whether some or all concurrent UL cases can be supported in Rel-18 UL Tx switching across 3 and 4 bands, it is agreed in the last RAN4 meeting that for UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands at least requires UL CA support on the corresponding band pair(s) by the UE. From our understanding, not supporting some concurrent cases has impact on limiting the switching path from one case to another case, which can just depend on UE CA capability and band type, extra restriction on concurrent band pairs  may lead to a performance degradation and less flexibility.  
Option 2:
For Option 2, supporting 2 ports transmission only on some of bands out of configured bands for UL Tx switching may reduce the number of switching cases, but from our perspective, to make full use of the scattered spectrum bands, there is no need to introduce extra restrictions on supporting 2 ports transmission on some specific bands in the specification. Besides, whether to support 2 ports transmission on the configured bands can depend on UE capability reporting and gNB implementation, which is aligned with current spec.
[bookmark: _GoBack]Since up to 2 Tx switching across 2 bands in Rel-17 already supported 2 ports transmission on each configured bands, as Rel-18 UL Tx switching mechanism will support the extension of dynamic UL Tx switching to 3 and 4 bands, it is reasonable to extend the capability that more than 2 bands can support 2 ports transmission, which may provide more performance gain and flexibility.
Option 3:
From our perspective, Option 3 was proposed to address UE complexity issue related to UE memory sharing and hardware resources. The specific switching cases/patterns that require more preparation procedure time needs to be identified firstly, which also need RAN4 involvement to determine whether extra preparation time is needed for these specific switching cases, and whether different value can be reported for the band pair with the specific switching cases/patterns also need to be discussed. 
Option 4:
Considering whether to support only some of band pairs for UL Tx switching, our understanding is that this may have great impact on network scheduling flexibility, which is contrary to the motivation of flexible spectrum utilization. Besides, the principle of selecting the band pairs that support UL Tx switching need to be clarified, otherwise, different UE can support different band pairs, which may result in the increasing network implementation complexity. 
Proposal 2. For Rel-18 UL Tx switching, concurrent transmission on any two bands among 3 or 4 bands can be supported based on UE CA capability reporting.
Proposal 3. For Rel-18 UL Tx switching mechanism, 2 Tx transmission (0/1/2 ports) can be supported on any of 3 or 4 bands to provide scheduling flexibility and performance improvements.
2.2 Other considerations
Another issue is the configuration of PUCCH cell for Rel-18 UL Tx switching across 3 or 4 bands. In current NR design, PUCCH can be only configured on sPCell or PUCCH-SCell, when UE Tx is switched to the carrier/band corresponding to a cell without PUCCH resource configuration, this will result in an ambiguity on which cell the PUCCH can transmit. Thus, the PUCCH cell configuration for UL Tx switching needs to be further studied, and we think the following options can be considered.
· Option 1. Depending on gNB’s implementation to guarantee UE’s Tx switch to the carriers/bands corresponding to the cell configured with PUCCH.
· Option 2. Multiple PUCCH cells can be pre-configured.

The first option is up to gNB implementation to guarantee UE’s Tx has been switched to sPCell or PUCCH-SCell in the slot UE needs to feedback HARQ-ACK, which can avoid UE’s Tx switch to a cell not configured with PUCCH. But this will reduce the spectrum utilization due to UE’s Tx must be switched to specific UL carrier/band in such HARQ-ACK feedback slot even other carriers/bands could provide better transmission conditions.
In Option 2, multiple PUCCH cells can be pre-configured and UE can determine one cell to transmit PUCCH in any Tx switching scenarios. For example, all three or four carriers can be configured with PUCCH resource with some priority or order and UE can determine the carrier to transmit PUCCH according to the pre-defined order and the carriers Tx has been switched on. In this way, all configured bands can be used for UL Tx switching without additional restrictions, and there is no impact on UL data rate. Thus it is recommended that multiple PUCCH cells can be configured for UE UL Tx switching across 3 or 4 bands to ensure better spectrum utilization of UL transmissions.
Proposal 4. Multiple PUCCH cells can be configured for Rel-18 UL Tx switching across 3 or 4 bands.
3. Conclusions
In this contribution, key issues on multi-carrier UL Tx switching mechanism are discussed, and the following proposals are made.
Proposal 1. If dynamic UL Tx switching across 3 and 4 bands is supported, the following switching cases can be considered.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 1 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 1 and Table 2.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 2 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 3 and Table 4.
· For UL Tx switching across 3 or 4 bands in inter-band UL CA with 1 SUL band, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 5 and Table 6.
· For UL Tx switching across 4 bands in inter-band UL CA with 2 SUL bands, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 7 and Table 8.
· For UL Tx switching across 3 or 4 bands in intra-band two contiguous aggregated carriers within one non-SUL band scenarios, the mapping between UL transmission ports and Tx chains can be similar to Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.
Proposal 2. For Rel-18 UL Tx switching, concurrent transmission on any two bands among 3 or 4 bands can be supported based on UE CA capability reporting.
Proposal 3. For any switching mechanism, 2 Tx transmission (0/1/2 ports) can be supported on any of 3 or 4 bands to provide scheduling flexibility and performance improvements.
Proposal 4. Multiple PUCCH cells can be configured for Rel-18 UL Tx switching across 3 or 4 bands.
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