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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution we propose a Rel-18 TEI related to PUSCH antenna switching. 

2. PUSCH antenna switching
Supporting companies: vivo, CMCC, Ericsson

Background
Current NR spec supports flexible configuration of SRS resources for different purposes with usage defined as for codebook, for antenna switching etc. However, the SRS resources for different usages are configured independently and not shared. SRS resources with usage for codebook are for PUSCH transmission, while SRS resources with usage antenna switching are for PDSCH transmission (channel reciprocity, TDD). Depending on UE capability SRS for antenna switching can be configured with 1T2R, 1T4R, 2T4R etc. 
gNB can configure a UE with SRS for codebook and SRS antenna switching independently, simultaneously. In the following examples, it can be noticed that PUSCH antenna switching is supported in some of the scenarios.
· example 1, a UE can be configured with same two 1/2-port SRS resources for codebook and two 1/2-port SRS resources for 1T2R or 2T4R
· PUSCH antenna switching is supported  
· example 2, a UE can be configured with four 1-port SRS resources for 1T4R, however configuration of four SRS resources is not supported for CB except UL full power mode 2
· PUSCH antenna switching is partially supported
· example 3, a UE can be configured with one 2-port SRS resource for codebook (ID 0) and two 2-port SRS resources (ID 0, ID 1) for 2T4R antenna switching.
· PUSCH antenna switching is not supported.
· example 4, in FDD, SRS antenna switching may not be supported/configured, however two (four) SRS resources for CB can be configured
· Antenna switching for SRS and hence PUSCH is partially possible 

Discussion
Currently, antenna selection for PUSCH is UE implementation, and partially supported in spec by configuring multiple SRS resources for CB. UE implementation could vary significantly and may not be very dynamic. Network doesn’t know when and how PUSCH antenna switching is implemented at the UE which may lead to degraded network implementation. Network controlling TX antenna can improve antenna selection mechanism, dynamically selecting best antenna for SRS and PUSCH transmission, improving overall system performance. 
Figure 2 shows evaluation results, the UE is equipped with 1Tx chain but 4 antennas, PUSCH antenna is switched from the antenna which is completely blocked (index 1) to another antenna which not blocked. Blocking occurs at dashed vertical line and reaction time means the time delay in switching to best antenna (not blocked) after the blocking occurs. The reaction time is the time period required for UE switching to better antenna by implementation. If the UE can instantly switch to better antenna (0ms reaction time), then the UE switches to better antenna for SRS transmission and the following PUSCH transmission. For example, for 80ms (or longer) reaction time, after antenna blocking happens (at dashed line 30ms), the UE takes 80ms to switch to better antenna, during this period the UE uses blocked antenna for SRS and the following PUSCH transmission.  In this evaluation, only 1 SRS resource is assumed for CB based transmission. It can be noticed that longer the delay (reaction time) in PUSCH antenna switching performance gets worse. 

[image: ]
Figure 2 Impact of PUSCH antenna switching delay on performance

From above discussion and evaluation results, following observations can be made 
· It is beneficial to support spec based PUSCH antenna switching
· If SRS for antenna switching and for codebook share same resources, only minor spec change for 1T4R is needed.
· For FDD, assuming the network doesn’t configure antenna switching SRS for the UE, network can configure two 1/2-port SRS resources
· Some enhancement on SRS configuration is needed, i.e., introduce “gap symbol” between two SRS resource for codebook
· For 1Tx, 4Rx UE, assuming the network doesn’t configure antenna switching SRS for the UE
· To support PUSCH antenna switching, for TDD/FDD, four 1-port SRS resources are needed with gap symbol in between, and SRI is indicated in DCI. 

Proposals and potential spec impact
Based on the motivation and discussion above, it is proposed to support more than 2 SRS resources in a set for usage codebook. It is also proposed to introduced new a UE capability on gap symbol between SRS resources.
[bookmark: _Hlk126936938]Proposal 2:
· Support to configure maximum of 4 SRS resources for codebook based transmission for PUSCH antenna switching
· Introduce following new UE capabilities for PUSCH antenna switching
· Support of max 4 SRS resources in a set for codebook based UL transmission
· With 1 or 2 ports in each resource, and excluding nTnR switching
· Support of gap symbol(s) between SRS resources in a set for usage codebook 
· Number of gap symbol(s) are same as for SRS resources for antenna switching
Below table shows the potential spec impact to 38.214.

	38.214 Section 6.1.1.1 
..
For codebook based transmission, only one SRS resource can be indicated based on the SRI from within the SRS resource set. Except when higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2', tThe maximum number of configured SRS resources for codebook based transmission is 24. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodic SRS resources.





3. Conclusion
Proposal
· Support to configure maximum of 4 SRS resources for codebook based transmission for PUSCH antenna switching
· Introduce following new UE capabilities for PUSCH antenna switching
· Support of max 4 SRS resources in a set for codebook based UL transmission
· With 1 or 2 ports in each resource, and excluding nTnR switching
· Support of gap symbol(s) between SRS resources in a set for usage codebook 
· [bookmark: _GoBack]Number of gap symbol(s) are same as for SRS resources for antenna switching
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