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Introduction
The Rel-18 WID on Multi-carrier enhancements has as second objective to study and if necessary, specify 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.
Support for UL Rx switching across up to 3 or 4 bands strive for RAN1/2 design agnostic with respect to the number of bands, i.e., common design between 3 and 4 bands. Furthermore, no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier and the objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL. The extension of UL Tx switching for 2 bands to multiple TAG, e.g., 2 configurations is included in the scope, but the work is limited to RAN4. Enhancements to EN-DC on top of functionality provided by R16 and UL only cell cases are out-of-scope. Corresponding switching time, other RF aspects, and RRM requirements for UL Tx switching schemes across up to 3 or 4 bands are to be studied and specified by RAN4 where the UL Tx switching across up to 3 bands is to be addressed first.
In RAN#96 the following guidance was issued to RAN1/2/4:
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
· (…)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching

In this contribution we provide our views on the dynamic carrier switching mechanism across the configured bands, the supported switching configurations and the UE switching capabilities.
Background
RAN#96 guidance and priority for Q3/2022 work in RAN1/2/4 can be seen as a straightforward extension from Rel-16 and Rel-17 UL Tx switching for 2-bands to the 3- and 4-bands cases. The initial Rel-18 focus for both Inter-band UL CA Option 1 (switched UL) and Option 2 (dual UL) is UL Tx switching for 3 or 4 different bands where either all 3 or 4 CCs are NUL. Alternatively, at most 1 SUL can be configured for the UE for a corresponding NUL band in addition to at most 2 other NUL bands. Note that intra-band 2-CC contiguous CA within one non-SUL band is to be supported as by Rel-17.
Rel-16 supports UL Tx switching for 2 inter-band carriers on 2 bands for the cases of EN-DC, inter-band NR CA and SUL. Rel-17 introduces support for 1Tx-2Tx switching between 1 carrier on band A and 2 contiguous carriers in band B, as well as support for 2Tx-2Tx switching. Note that Rel-17 doesn’t provide new functionality for the EN-DC case.
Switching cases and scope of Rel-16 and Rel-17 UL Tx switching are summarized in Tables 1 and 2.
Table 1: UL Tx Switching in Rel-16
	Rel-16
UL Tx switching
	· Switching between Case 1 and Case 2 as below for two UL carriers case inter-band EN-DC without SUL, inter-band UL CA, and standalone SUL for UE supporting maximum 2 concurrent transmissions
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



Note: Case 1 could be divided into Case 1A (1 transmission on carrier 1 and 0 transmission on carrier 2) and Case 1B (1 transmission on carrier 1 and 1 transmission on carrier 2) considering whether there is transmission on carrier 2.



Table 2: UL Tx Switching in Rel-17

	Rel-17
UL Tx switching
	· Switching across carriers for NR inter-band UL CA and SUL for UE supporting maximum 2 concurrent transmissions
· For UL Tx switching based on SUL band combination or UL CA band combination 
	
	Number of Tx chains (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T



· For UL Tx switching based on UL CA band combination
	
	Number of Tx chains (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



· For UL Tx switching where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band
	 
	Number of Tx chains (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and
	 
	Number of Tx chains (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For UL Tx switching based on UL CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T






A Rel-16 UE supporting UL Tx switching, e.g., for the UL inter-band case, can be implemented using two options. These are Option 1 (Switched UL) and Option 2 (Dual UL). When Option 1 is implemented, simultaneous transmission from two bands is not possible, whereas Option 2 allows for it. The Rel-16 UE needs to report in its UE capability signaling which switching option it supports. The UE reported capability value can be one of “Option 1”, “Option 2” and “Option 1 and Option 2”. Other switching capabilities such as supported interruption time must also be reported by the UE.
Despite RAN1 discussions during the last 3 RAN1 meetings, no consensus could be reached yet about the Rel-17 UE capability signaling in support of Rel-17 UL Tx switching., e.g., Alt.1: a new Rel-17 capability to signal supporting options of the Rel-17 feature 2Tx-2Tx UL Tx switching, or Alt.2: to use the combination of FG 22-1 and uplinkTxSwitchingPeriod2T2T or Rel-17 switching band combination. RAN#96 tasked RAN2 to complete the relevant signaling for Rel-17 UL switching.

Discussion
Implementation of multiple flexible UE Tx chains for a large number of FR1 NR bands supported by the UE implementation is challenging.
There is limited space to place additional antennas on the UE board. UE antennas for must be designed around the larger low-band (LB) wavelengths for NR <1GHz. Impedance matching and corresponding RF filtering networks typically account for the maximum supported channel BW in a supported NR band to ensure optimal LNA and HPA efficiency and minimum insertion losses. For LB NR, channel BW is typically small, e.g., 10/15/20MHz. The lower, e.g., <2.6GHz or higher mid-bands, e.g., >3 GHz, use larger channel BW configurations, e.g., 100 MHz for n78. Undesired RF coupling between concurrently active Tx or Rx paths on the UE board must be kept below certain levels in the UE implementation to meet applicable dual-Rx and Tx side RF requirements. For the example of FR1 mid-band UL MIMO capable UEs even when two separate PA-antenna-switch-modules (PAM) are available, IMDs are still generated via reverse mixing due to limited antenna isolation on the UE board. However, UEs with dual-PA architectures would typically generate lower IMD levels than those with the single PA architecture because the reverse interferer is attenuated by antenna isolation, while IMDs in single PA solutions are due to forward mixing. Note that 3GPP assumes 10 dB antenna isolation for many widespread and common EN-DC combinations lower/higher MB operation in Rel-15 and later. Similar assumptions apply to FR1 inter-band CA and SUL. Single PA architecture is often assumed for the NR LB. Re-purposing an available lower mid-band Rx path for purpose of providing the DL diversity reception path(s) can be done easier than using the same path for UE transmission. An example is switching the available Rx diversity antenna paths for DL 4x4 MIMO.
Figures 1 and 2 show two examples for possible FR1 antenna and RF path mappings in the UE when configured for 3 or 4 NR bands. Figure 1 is the case of a 3-band 700MHz (SUL) + 2.6GHz (TDD NUL) + 3.5GHz (TDD NUL) configuration, e.g., across LB and higher MB. Figure 2 shows the case of a 4-band 2.3GHz (SUL) + 2.6GHz (TDD NUL) + 3.5GHz (TDD NUL) + 4.9 GHz (TDD NUL) configuration, e.g., across lower and higher MB. For simplicity, only the UE UL Tx-side mapping is shown. Due to practical UE implementation constraints, we expect that UL Tx switching many cases will only support UL Tx switching for 1p/0p combinations on the NR band. A few NR bands, e.g., such as some benign lower/higher MB NR band combinations not suffering from IMD3/5 may reasonably well be expected to support UL MIMO with possible 2p/1p/0p configurations. However, it should not be assumed that even when UL Tx switching on an UL MIMO band is supported by the UE that 2p is then always possible across all the configured NR bands. In the example of Figure 1, UL MIMO is supported for TDD NUL 3.5 GHz using antenna paths p2 & p2bis, but TDD NUL 2.6 GHz can only use the p2 path, e.g., 1p or 0p.
Therefore, we consider that 3-band or 4-band switching cases 1p/0p are of most immediate relevance when considering likely commercial UE implementations. In addition, some NR bands, e.g., mid-band TDD may support UL MIMO for some bands and support for switching cases 2p/1p/0p may be needed (if the UE implementation supports 2p switching).
Observation 1: Full flexible port switching, e.g., any UE Tx chain can be mapped to any arbitrary band configurable for 3- or 4-bands UL Tx Switching is not a realistic assumption.
Observation 2: Support for full flexible 2p/1p/0p port switching in the NR band where UL MIMO is supported by the UE cannot be assumed.
In summary, we consider that the approach to be taken for Rel-18 UL Tx switching in the 3- or 4-bands case is to assume 1 available fixed Tx chain per NR band where Rel-18 UL Tx switching is supported by the UE. Note that this approach is similar to Rel-16 UL Tx switching for the 2-bands case. Then, selective switching of another Tx chain for purpose of either 2p/1p/0p or 1p/0p switching from another NR band should be allowed by core specifications. The Rel-18 UE should indicate its 2p/1p/0p switching capability separately for those NR bands where such a feature is supported and then only for the configured band (and band combinations). Default Rel-18 UE port switching capability for 3- or 4-bands cases is then the support of switching for 1p/0p. Full flexible switching across 0/1/2 ports is then only supported for at most 2 configured bands out of 3 or 4 configured bands while the other bands then support switching across 0/1 ports only.
Proposal 1: (3-bands) switching configuration 3-2: only 1 band out of 3 bands support up to 2Tx
Proposal 2: (4-bands) switching configuration 4-2: only 1 band out of 4 bands support up to 2Tx
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Figure 2
To make the Rel-18 UL Tx Switching feature with 2 Tx chains for the 3- or 4-bands cases viable, it is necessary to allow for different UE & modem vendor implementation paths. If it is required to implement full flexible 2p/1p/0p port switching for any carrier in any NR band with UL MIMO support for which the UE also indicates support for Rel-18 3 UL Tx switching using 3- or 4-bands, such a feature is not likely to be implemented. If the UE implementation provides support for UL MIMO in an NR band, such support should be separately indicated by the UE through the corresponding UE capability signaling for the supported NR band (and band combination). It should not be necessary to link UL MIMO for the NR band with use of that band for UL Tx switching, e.g., require support for 2p switching capability when UL MIMO is supported in the NR band by the UE.
For similar reasons the Rel-18 UE capability signaling should also allow the UE to report that only some of the concurrent UL cases for Option 2 are supported for selected 2-bands combinations. Support for dual UL transmissions will be subject to a variety of RF constraints and must be separately considered in RAN4 for the supported band combinations.
Proposal 3: Rel-18 UL Tx switching for 3- or 4-bands should not result in restriction on the UEs choice of MIMO capability on any of the bands / CCs involved in the UL Tx
Proposal 4: Rel-18 UL Tx switching supports UE capability signaling that the UE only supports Option 2 for a subset of 2 bands in a 3- or 4-band combination
In RAN1#109, several design alternatives for possible mechanisms to introduce and then specify dynamic Tx carrier switching in Rel-18 across the configured bands were identified and discussed:
· 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 UL grant and/or RRC configuration for UL transmission. 
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
While we think that signaling should in principle be RF agnostic and provide support for full flexible 2p/1p/0p switching across all 3- or 4-bands combinations, the larger number of possible resulting combinations would then result in a considerable specification effort, e.g., DCI. We think this is best avoided. Existing UL grant format and signaling should be re-used for Rel-18 UL Tx Switching. A corresponding configuration of switching cases subsets for the UE for use with the UL grant as a function of UE reported capability and gNB scheduling decisions can be configured through RRC and possibly using MAC CEs. Alt.1 for 3-bands NUL+NUL+(NUL or SUL) or 4-bands NUL+NUL+NUL+(NUL or SUL) combinations limited to 1p/0p switching capability is therefore a suitable approach for the Rel-18 UL Tx switching cases of immediate interest.
We consider that dynamic UL scheduling via UL grant across at least 3 configured bands is necessary to benefit from potential gains using the Rel-18 UL Tx Switching feature. If RRC re-configuration is required to re-configure 2 bands out of the 3 or 4 supported bands, dynamic UL switching cannot be fully exploited using either Alt. 2 or Alt.3. On the other hand, for those UEs indicating Rel-18 support for 2p/1p/0p switching on some bands, RRC configuration of allowable subsets of possible switching configurations for use with the existing UL grant format becomes necessary. Therefore, modified Alt.2 where the network configures the switching cases for such UE is meaningful. Note that such an approach is slightly different when compared to RAN1#109-e Alt.2 where the gNB indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE. Accordingly, no prioritization rules between UL carriers are necessary.
Proposal 5: Rel-18 UL Tx switching supports Alt.1: dynamic Tx carrier switching across all the supported switching cases by the UE and based on UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission.
Proposal 6: Rel-18 UL Tx switching supports modified Alt.2: gNB configures the set of port switching cases which can be indicated by DCI for dynamic UL scheduling by RRC
Proposal 7: No UL prioritization rules between UL carriers are specified 

Conclusion
In this contribution, we made the following observations and proposals:

Observation 1: Full flexible port switching, e.g., any UE Tx chain can be mapped to any arbitrary band configurable for 3- or 4-bands UL Tx Switching is not a realistic assumption.
Observation 2: Support for full flexible 2p/1p/0p port switching in the NR band where UL MIMO is supported by the UE cannot be assumed.

Proposal 1: (3-bands) switching configuration 3-2: only 1 band out of 3 bands support up to 2Tx
Proposal 2: (4-bands) switching configuration 4-2: only 1 band out of 4 bands support up to 2Tx
Proposal 3: Rel-18 UL Tx switching for 3- or 4-bands should not result in restriction on the UEs choice of MIMO capability on any of the bands / CCs involved in the UL Tx
Proposal 4: Rel-18 UL Tx switching supports UE capability signaling that the UE only supports Option 2 for a subset of 2 bands in a 3- or 4-band combination
Proposal 5: Rel-18 UL Tx switching supports Alt.1: dynamic Tx carrier switching across all the supported switching cases by the UE and based on UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission.
Proposal 6: Rel-18 UL Tx switching supports modified Alt.2: gNB configures the set of port switching cases which can be indicated by DCI for dynamic UL scheduling by RRC
Proposal 7: No UL prioritization rules between UL carriers are specified 
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