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1. Introduction
In RAN#89-e, a new R17 WID “RF requirements enhancement for NR frequency range 1 (FR1) in Rel-17” had been approved in [1]. A good portion of it belongs to Tx Switching feature which could be regarded as enhancement of Rel-16 Tx Switching feature. 

In this contribution, general principles were discussed on these enhancements, and it is proposed that Rel-16 framework and most of the requirements could be re-used or as baseline. 
2. Discussion
2.1 Rel-16 Background 

The Tx switching feature was introduced into Rel-16 to enable 2Tx on NR carrier together with EN-DC, SUL and UL CA in a TDM approach, while not introducing 3Tx for UE. This feature had been incorporated into general R16 FR1 enhancement feature and had been closed. Part of WID was as following:
· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 

	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 


The main CR for 38.101-1 and 38.101-3 could referenced to [2] & [3].  There are following main discussion points:
•
UL switching period

This is the main part of the new requirements. The length and location of the switching are depending on different scenarios, e.g. {35us, 140 us, 210us} for SUL and UL CA and {35us, 140 us} for EN-DC, while location semi-statically configured by RRC on one specific carrier of the two uplink carriers in case of SA CA and SUL, or always located on the NR carrier for EN-DC.
The delay number were derived based on different possible implementations. The location design is influenced by the impact of the system. 
•
DL reception interruption

DL interruption is introduced in some implementation, for possible UL –> DL impact. For the requirements, length and applicability for different BCs were introduced. Whether certain combinations would not be allowed or not would also be defined.

•
Power Class related

In order to keep the power class stable while switching, there were some clarifications. There were however still some controversies on the clarifications.
•
Other restrictions:

Both single layer and two-layer transmission with 2 antenna ports have to be supported by carrier 2.
It should be noted in Rel-16, it is assumed that only one transmitter can be supported on one carrier and two transmitters can be supported on the other carrier.
2.2 Rel-17 Enhancements
For Rel-17, one of the main enhancement is by removing the restriction on 2Tx in any carrier, by introducing 2Tx for SUL and inter-band carrier 1. This has been explained in the motivation paper of WI in [4]. By doing this the total performance would be enhanced. UE requirements and RAN1/2 support would have to be developed to enable Tx switching between cases and the scenarios include:
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


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

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


It can be seen that compared to Rel-16, UL-MIMO has been added to carrier 1 and thus 2T + 0T is added to be new case. SUL with 1T+1T option was not explicitly considered since SUL is TDM with another carrier.
Another enhancement is by introducing 2 contiguous aggregated carriers on band B, which is usually higher NR band. UE requirements and RAN1/2 support would have to be developed to enable Tx switching between cases and the scenarios include:
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and

	 
	Number of Tx chains in WID (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink 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


Compared to Rel-16, UL-MIMO has been added to carrier 1 and thus 2T + 0T is added to be new case. SUL 1T+1T case was also kept to have better alignment with Rel-16 format. In addition, the 2 contiguous aggregated carriers on band B should be considered, though not that explicitly in the switching table.
2.3 Requirements Analysis
Since the basic Tx switching feature is still kept, and only UL-MIMO on carrier 1 and intra-band contiguous CA on band B is introduced, the basic impact and requirement structure should be able to be kept. 

Observation: The basic requirements impact and structure for Rel-17 switching is similar to Rel-16 Tx switching.
A brief analysis was done for the various requirements impact: 
•
UL switching period

With UL-MIMO introduced in carrier 1, the switching to and from carrier 1 need to operate 2Tx simultaneously. However, since the 2Tx is believed to be operating in parallel, the transient period to and from this carrier is basically unchanged by introducing this. Both the number and the location consideration are believed to be able to be kept or at least used as baseline.
With contiguous CA introduced in Band B, similar situation is observed. Contiguous CA would be use only 1 RF chain, while those two carriers would operate simultaneously. This would also mean no impact to the transient period and location consideration.
Proposal 1: The Rel-16 number of the location of the UL switching period requirement can be kept or at least used as baseline for Rel-17.
•
DL reception interruption

Similar to UL switching period, DL reception interruption was also somehow independent to the new feature, which is UL-MIMO in carrier 1 & contiguous CA in Band B, introduced in Rel-17. Thus 
Proposal 2: The Rel-16 requirements for DL reception interruption, including the interruption length, signalling scheme, applicability etc. could be reused or at least used as baseline for Rel-17.
•
Power Class related

Power class related clarification is one of the controversial issues still have a bit discussion until now. The basic idea of stable power class seems reasonable and the basic clarification could still be applied. However, the alignment of SUL and inter-band CA may have better scheme than the currently available power boosting, which is still somehow problematic for Pcmax part. In addition, with the introduction of HPUE in Rel-17 UL CA, the original clarification also may has to consider more cases.
Proposal 3: Further consider power class stability and alignment in Rel-17 based on Rel-16 solution. At least consider further refinement of power boost in inter-band case and the impact of introduction of HPUE in Rel-17 UL CA.
•
Other restrictions:

This is corresponding to consider the Rel-16 restriction on transmission rank in carrier2. Since UL-MIMO and CA would be introduced, this part would have to be reconsidered.
Proposal 4: Further consider the UL-MIMO and transmission rank related clarifications in Rel-17 based on Rel-16.
3. Conclusion

In this contribution, general principles were discussed on these enhancements, and it is proposed that Rel-16 framework and most of the requirements could be re-used or as baseline. The following observation and proposals were provided:

Observation: The basic requirements impact and structure for Rel-17 switching is similar to Rel-16 Tx switching.

Proposal 1: The Rel-16 number of the location of the UL switching period requirement can be kept or at least used as baseline for Rel-17.

Proposal 2: The Rel-16 requirements for DL reception interruption, including the interruption length, signalling scheme, applicability etc. could be reused or at least used as baseline for Rel-17.

Proposal 3: Further consider power class stability and alignment in Rel-17 based on Rel-16 solution. At least consider further refinement of power boost in inter-band case and the impact of introduction of HPUE in Rel-17 UL CA.
Proposal 4: Further consider the UL-MIMO and transmission rank related clarifications in Rel-17 based on Rel-16.
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