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Introduction
[bookmark: _Hlk58595024]In RAN#94e, a new WI has been approved for multi-carrier enhancements in NR Rel-18. One of the main objectives of the WI includes enhancements for multi-carrier UL operation with UL Tx switching schemes as follows [1]:
Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed
In this contribution, we provide our initial views on:
· UL Tx switching schemes for more than 2 bands with restriction up to 2 Tx simultaneous transmission for FR1 UEs and on 
· Multiple TAGs support for UL Tx switching schemes
Discussion
Views on extension beyond 2 bands for UL Tx switching
In NR Rel-16 and Rel-17, UL Tx switching was introduced with the motivation to increase UL scheduling flexibility by allowing switching across 2 bands for a UE capable of up to 2 simultaneous UL Tx chains. Two modes of operation have been introduced, namely switched UL and dual UL. A key difference between the two modes is basically that switched UL doesn’t allow simultaneous transmission on 2 bands, whereas dual UL allows for simultaneous transmission on 2 bands with each of the band configured with 1 Tx chain. For the two modes of operation, multiple switching scenarios were introduced including:
· 1Tx-1Tx switching
· 1Tx-2Tx switching
· 2Tx-2Tx switching

For each of the switching scenarios, multiple possibilities in terms of association between UL Tx chains and antenna ports for each of the bands are supported. Furthermore, in Rel-17, an additional scenario was introduced to support a combination of inter-band and intra-band CA that allowed the combination of one carrier on band and another two carriers (intra-band CA) on another band. This further contributed to improved UL performance. 

Basically, the specified modes, switching scenario and combination of inter-band and intra-band for UL Tx switching provide sufficient flexibility to efficiently utilize the 2 UL Tx chains for UL transmission. Depending on the TDD configuration, traffic conditions and throughput requirements, the 2 bands can be aptly configured and utilized for UL Tx switching.  With UL Tx switching in Rel16/17, UE can connect to both FDD and TDD carriers and thereby making UL always available at least on one of the carriers. An example can be UL Tx switching between carrier in band n1 (2.1GHz FDD band) and carrier in band n78 (3.5GHz TDD band), which is currently supported combination, where band n1 can support channel bandwidths up to 50 MHz and band n78 can support bandwidths up to 100 MHz to improve the uplink capacity as well as coverage.    

Observation 1: UL Tx switching in NR Rel-16 and Rel-17 provide sufficient flexibility in terms of switching modes, switching scenarios, corresponding mapping options between UL Tx chains and antenna ports, and combination of inter-band and intra-band CA to improve the UL performance

Now, in NR Rel-18, extending up to 3 or 4 bands is considered, while keeping the restriction of up to 2 UL Tx chains. One of the main motivations discussed during the WID drafting has been to provide more dynamic flexibility by allowing UL Tx switching across 3 or 4 bands instead of just 2 bands. In our view, the flexibility offered by 3 or 4 bands in comparison to 2 bands may not always ensure improved UL performance. There is a trade-off between the number of bands available for switching and the possible switching gap required to perform the switching. As specified in current specifications, there are several switching cases for which no transmission is allowed on the configured bands for UL Tx switching during the switching gap, if configured. Therefore, the potential gain offered by available carriers on multiple bands may possibly be degraded by frequency switching across bands. Increasing the number of bands from 2 to 3 or 4 would quite probably result in more frequent switching gaps and therefore frequent durations for which no UL transmission will be allowed on the 3 or 4 configured bands for UL Tx switching.

Observation 2: Increasing the number of configured bands from 2 to 3 or 4 would possibly result in more frequent UL switching and consequently more frequency switching gaps (if configured) during which no UL transmission might be scheduled for several switching cases
· Any potential performance gain that might be expected by increasing the number of bands for UL Tx switching might be degraded by potentially frequent switching gaps with no UL transmission

Another aspect to consider when increasing the number of bands is the impact on UE complexity. Simply increasing the number of bands from 2 to 3 or 4 with 2 UL Tx chains would require the introduction of significantly large number of switching cases in comparison to the number of switching cases being currently supported. Also, the RF requirements for the additional cases will need to be considered. This is quite undesirable from a UE complexity point of view.

Observation 3: Increasing the number of configured bands from 2 to 3 or 4 would increase the UE RF complexity, to support increased number of switching cases with variable switching gap durations, wherever applicable
· Additionally, quite significant specification effort from both RAN1 and RAN2 perspective might be needed

Considering the above observations, we don’t think that more than 2 bands for UL Tx switching is needed. 

Proposal 1: For NR Rel-18 UL Tx switching, increasing the number of bands from 2 to 3 or 4 should not be considered
· Unless if significant gains are demonstrated, there is no clear motivation for such enhancements, rather it will result in increased UE complexity

Proposal 2: For NR Rel-18 UL Tx switching, if significant performance gains are demonstrated by increasing the number of bands from 2 to 3 or 4 and if it is agreed to support more than 2 bands for up to 2 UL Tx chains, then RAN1 should strive for solutions to avoid specifying new UL Tx switching cases
 
Views on multiple TAGs configuration for UL Tx switching
Another key aspect to be studied for UL Tx switching is consideration for multiple TAGs configuration, unlike a single TAG support for UL Tx switching in Rel-16/17. In our view, this enhancement is applicable and possibly beneficial for the case when more than 2 bands need to be configured for UL Tx switching. To increase the likelihood to configuring multiple combinations of 3 or 4 bands for dynamic UL Tx switching, introducing multiple TAGs could potentially be beneficial. However, for combination of 2 bands, the motivation is a bit unclear. In principle, the motivation to introduce multiple TAGs and corresponding complexity in terms of timing alignment across carrier switching belonging to multiple TAGs should be discussed.

Proposal 3: For NR Rel-18 UL Tx switching, motivation to introduce multiple TAGs, especially for the case of 2 bands should be discussed
· Complexity in terms of timeline alignment when switching across carriers belonging to different TAG should be studied 

Conclusion
In this contribution, we have discussed our views on UL Tx switching enhancements for mor than 2 bands and introduction of multiple TAGs configuration, and have provided following observations/proposals:
Observation 1: UL Tx switching in NR Rel-16 and Rel-17 provide sufficient flexibility in terms of switching modes, switching scenarios, corresponding mapping options between UL Tx chains and antenna ports, and combination of inter-band and intra-band CA to improve the UL performance

Observation 2: Increasing the number of configured bands from 2 to 3 or 4 would possibly result in more frequent UL switching and consequently more frequency switching gaps (if configured) during which no UL transmission might be scheduled for several switching cases
· Any potential performance gain that might be expected by increasing the number of bands for UL Tx switching might be degraded by potentially frequent switching gaps with no UL transmission

Observation 3: Increasing the number of configured bands from 2 to 3 or 4 would increase the UE RF complexity, to support increased number of switching cases with variable switching gap durations, wherever applicable
· Additionally, quite significant specification effort from both RAN1 and RAN2 perspective might be needed

Proposal 1: For NR Rel-18 UL Tx switching, increasing the number of bands from 2 to 3 or 4 should not be considered
· Unless if significant gains are demonstrated, there is no clear motivation for such enhancements, rather it will result in increased UE complexity

Proposal 2: For NR Rel-18 UL Tx switching, if significant performance gains are demonstrated by increasing the number of bands from 2 to 3 or 4 and if it is agreed to support more than 2 bands for up to 2 UL Tx chains, then RAN1 should strive for solutions to avoid specifying new UL Tx switching cases
 
Proposal 3: For NR Rel-18 UL Tx switching, motivation to introduce multiple TAGs, especially for the case of 2 bands should be discussed
· Complexity in terms of timeline alignment when switching across carriers belonging to different TAG should be studied 
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