Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG1 Meeting #109-e	R1-2203926
e-Meeting, May 9th – 20th 2022

Agenda Item:	9.10.2
Source:	Samsung
Title:	UL Tx switching for 3 or 4 bands
Document for:	Discussion
Introduction
The R18 WID on multi-carrier enhancements has as second objective to study and if necessary, then specify support for UL Tx switching across up to 3 or 4 bands [1].
In this contribution, we provide our views on the need and benefits to extend the existing R16 and R17 UL Tx switching features to the 3 or 4 band case.

	2. 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


Discussion
Support for UL Tx switching between 2 configured bands by UEs implementing 2 TX was introduced in R16. The feature was then extended in R17 to also allow for UL MIMO operation using both UE TX on any one of the two bands during UL Tx switching. The benefit of allowing for UL MIMO during carrier switching as by R17 is increased UL throughput. The resulting number of possible switching combinations, e.g., 0/1/2p switching cases which must be supported by the UE implementation increases. Existing UEs in many cases only support at most 2 TX. Few commercially available UEs currently support 3 TX and then mostly for purpose of few selected EN-DC band combinations where RF isolation is more easily achievable. When considering the smartphone form factor and current silicon design, heat dissipation and IMD generated by concurrently operating TX paths impose constraints. The continued support of up to 2 TX by the UE can be expected to remain the mainstream solution for some time to come. In this sense, the R18 WID aims to introduce UL TX switching for the 2 TX UEs in terms of the number of supported NR bands, e.g., at least 3, but possibly up to 4 NR bands.
The potential usefulness of extending R17 specifications to also support the UL TX switching feature for 3 or 4 configured NR bands should be considered first. Prerequisite to the use of 3 or 4 bands for UL Tx switching is that operators hold corresponding spectrum allocations which often is the case. However, UL Tx switching imposes requirements with respect to co-siting of the base station, e.g., integrated scheduling across the up to 3 or 4 NR bands must be possible which is significantly harder to achieve. TTI level carrier switching, e.g., fully dynamic allocation of UL transmission resources to the UE by the gNB schedulers is particularly demanding with respect to stringent synchronization on the network side.
It is also important to consider that UL coverage and site dimensioning in the operator grid often does not allow to fully exploit UL Tx switching across arbitrary band combinations in the entire cell area. It is easier to deploy UL Tx switching using 2 NR bands both in the capacity layer with comparable coverage than using UL Tx switching using 3 or 4 carriers from the coverage layer, e.g., NR low bands and carriers in the capacity layer, e.g., higher NR mid-band. During the evaluation phase, it is therefore important to account for practical TDD deployment aspects, e.g., gains with UL Tx switching when assuming same and matching UL coverage for the 3 or 4 configured NR bands are not representative.
Observation 1: The ability to fully exploit the UL Tx switching feature across 3 or 4 bands is limited

UL Tx switching can provide gains from load balancing across the UL carriers. The UE is scheduled in the band where RBs are available in good channel conditions and where the UL slot can provide a higher instantaneous UL data rate to the UE with respect to other co-scheduled UEs. Another gain factor is the ability to UL schedule the UE more frequently than a single TDD UL-DL configuration allows. The TDD cells in the 2 bands can both be configured with the same frame configuration, e.g., DDDSU, and use the slot offset, or they can be configured with different frame configurations, e.g., DFFSU and DDDSU. In both cases, the UE can be UL scheduled more frequently than using only one cell which reduces the average UL frame alignment delay, e.g., the delay incurred between the UL packet becoming available for transmission and the next UL transmission opportunity. User plane latency is reduced.
It must be considered that most system level gains from UL Tx switching can be harvested already when two bands are available. The additional relative benefit of UL Tx switching using carriers in 3 bands is more incremental when compared to the 2-band case. For example, the average UL frame alignment delay with 30 kHz DDDSU is 1.25ms. When UL Tx switching across 2 bands is configured and the UE can also be UL scheduled in the 2nd slot of the other cell, average UL frame alignment delay for both cells is reduced to 0.65 ms. The overall RTT (2-way user plane latency) when accounting for PDSCH and PUSCH processing capability 1 and the BTS and UE processing delays is then reduced from ~3.8 ms to 3.2 ms. Using UL Tx switching across 3 bands with the possibility to UL schedule the UE in the 2nd and 3rd slot (in addition to the U slot), the average UL frame alignment delay is further reduced to ~0.4 ms, but the overall RTT is then still ~3 ms, because now dominated by the UE processing timeline.
Observation 2: Additional relative gains from UL Tx switching when using 3 or 4 bands may be limited.

For the UE implementation, increasing the number of times the Tx chain(s) must be switched across the configured bands is undesirable from the complexity point of view. Support of UL Tx switching using 3 or 4 bands would result in a significantly increased number of possible switching cases if the full flexibility provided by R17 in the 2-band case, e.g., all Tx chain configurations on any carrier, is extended to the 3 or 4 band case. We do not think this is desirable. For UEs supporting the UL Tx switching feature, supporting the R18 UL Tx switching feature with 3 or 4 configured bands should not result in increased implementation complexity when compared to R17.
If meaningful gains from UL Tx switching for 3 or 4 configured bands with 2 TX UEs can be shown, there are two possible options for the resulting R18 specification work to consider.
Option 1 is to introduce support for UL Tx switching in 3 or 4 configured bands through RRC, but then limit the full port switching flexibility from R17, e.g., use of any 0/1/2 port combination, to 2 (out of the 3 or 4) RRC configured bands. Option 2 is to extend port switching for all 3 or 4 configured bands, but then to limit port switching cases to 0/1p if 3 or 4 bands are configured for the UE. Option 2 would essentially extend the R16 UL Tx switching feature from 2 (R16) to 3 or 4 bands (R18), e.g., no UL MIMO (R17). Option 1 would restrict the possibility of using UL MIMO to at most 2 selected bands in the band combinations even if 3 or 4 bands are configured.
With respect to the number of Tx chain switches required, dependencies exist in terms of the NR band combinations in which UL Tx switching is supported by the UE. For a given set of allowable Tx chain configurations for the bands in the band combination, the number of required Tx chain switches is reduced when increasing flexibility in the allowed set of port combinations. For example, if the 1p + 0p port combination is not allowed when 1 TX + 1TX is configured, then every time a 1p transmission is scheduled in the first NR band would lead to switching if only one Tx chain is configured. On the other hand, if the port combination is allowed, the switch of the Tx chain can be avoided. Using either Option 1 or 2, allowing all possible port combinations for a given Tx chain configuration can be helpful in reducing the number of required UL Tx switches.
If UL Tx switching across 3 or 4 bands is specified in R18, RAN1 to decide amongst the following two options,
a. Option 1: 0/1/2 port switching is supported for only 2 out of 3 or 4 configured bands
b. Option 2: 0/1 port switching is supported across all bands when 3 or 4 bands are configured

Conclusion
In the previous sections we made the following observations and proposal:
Observation 1: The ability to fully exploit the UL Tx switching feature across 3 or 4 bands is limited
Observation 2: Additional relative gains from UL Tx switching when using 3 or 4 bands may be limited.
1. If UL Tx switching across 3 or 4 bands is specified in R18, RAN1 to decide amongst the following two options,
a. Option 1: 0/1/2 port switching is supported for only 2 out of 3 or 4 configured bands
b. Option 2: 0/1 port switching is supported across all bands when 3 or 4 bands are configured
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