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Introduction
In RAN4 #93 e-meeting, a LS [1] is sent to RAN1 with RAN4 agreement on UL switching period and RAN4 asks RAN1 to evaluate the potential RAN1 impact of DL interuption for some band combinations. 
	In RAN4#94e, the follow agreements on the length of UL switching period have been reached. 
· Length of UL switching period for defining UE RF requirements and capability reporting:
· For SUL and UL CA
· {35us, 140 us, 210us} 
· For EN-DC
· {35us, 140 us}
From RAN4 perspective, the following duplex mode combinations (carrier 1 + carrier 2) do not require DL reception interruption:
· SUL+TDD
· TDD+TDD CA with the same UL-DL pattern
· TDD+TDD EN-DC with the same UL-DL pattern
For other duplex mode combinations, depending on the RAN1 feedback different capabilities could be defined for UEs with and without DL interruption. UE capability, if defined, is reported per band pair in each band combination. UE reports for each band within the pair of bands in each band combination.
If DL interruptions are allowed, the length of DL interruption will be in a range from one OFDM symbol to one slot. RAN4 would like to request RAN1 feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios.




In RAN1 #100e RAN1 got the following aggreements [2]
	Agreement:
· [bookmark: OLE_LINK3]If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.
Agreements:
· [bookmark: OLE_LINK4]For SUL, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.
· Work assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. It can be revisited in RAN1#100bis.
Clarify the following agreements with changes in red
Agreements:
· For standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2. 
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.
Agreement:
· For inter-band UL CA, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
Working assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined.
· Minimize RAN1 impact
· No new RAN4 impact
· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
· [bookmark: OLE_LINK6]Option 2-3
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P



Agreements:
	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


· For inter-band UL CA, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.
Agreements:
· For inter-band UL CA, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.
· FFS: Whether to handle the case when switching period cannot be ensured by gNB.




In this contribution, we present our views on the open issues for this topic.  
[bookmark: _Ref473802466][bookmark: _Ref462669569]Mapping between UL transmission ports and Tx chain state/case
In the LS [3], RAN4 informed RAN1 the discussion on 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. 
Table 1: UL Transmission cases in RAN4 LS
	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



In RAN1 #99, feature lead proposed two options to map the Tx chain and antenna ports as follows. 
[bookmark: _Ref32558384]Table 2: two options of Tx chains and antenna ports mapping for Inter-band CA
a) Option 1, which only allows 0 antenna port of CC2 (TDD) on case 1
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 



b) Option 2, which allows 1 antenna port of CC2 (TDD) on case 1
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P



As Option 1 does not allow 1P on CC2 (TDD) of case 1, effectively, Case 1 of Option 1 is 1T + 0T even though CC2 (TDD) does have one Tx chain there. Below is the option 1 discussed in RAN1#99.  
Table 3 The Option 1 discussed in RAN1 #99
	Case 1a
	1 Tx on carrier 1 and 0 Tx on carrier 2

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



In RAN1 #99, long discussion was on the comparison between Option 1 and Option 2, which are summarized in the figure below. As we proposed in RAN1#99, we favor Option 2 as the inter-band CA is expected to allow simultaneous Tx on 2 CCs. In Figure 1, the green slot is the UL Tx slot while the shadow is 1 Tx on CC2 (TDD) and solid is full rank on CC2 (TDD). The red line is the timing where the UL grant in the PDCCH is received and blue arrow is the timing where the UL Tx on CC1 & CC2 are scheduled. The difference between Option1 and Option 2 is whether to allow Tx on the slot #4 of CC2.  As the inter-band CA is expected to allow simultaneous Tx on 2 CCs, Option 2 is better than option 1.


[bookmark: _Ref32528731][bookmark: _Hlk32529384]Figure 1: Comparison between Option 1 and Option 2

Based on the above discussion, the following observation is made. 

Observation 1: For the mapping between Tx chains and UL transmission ports, Option 2 is better than option 1, because the inter-band CA is expected to allow simultaneous Tx on 2 CCs.

In RAN1#100e, memory-based switching mechanism was approved as working assumption to reduce the switching times. However, RAN1 doesn’t make the decision on whether and how to support Option 1 and Option 2. During the e-meeting debating, we realize each option is with more than 2 proponents and not easy to down-select. Due to the limited time, we will suggest supporting both with UE capability signalling to allow network to schedule the UEs with different implementation.
 
Proposal 1 For inter-band UL CA, if uplink Tx switching is configured, UE can report via capability signaling which option (between Option 1 and Option 2) is supported.  


To finalize the details of option 2, RAN1 needs to decide a single port UL transmission is transmitted with single Tx chain or two Tx chain.  

DCI format 0_1 defines PUSCH precoding with TPMI and mapping matrix is defined for different antenna port combination in TS38.211. TPMI = [1 1] is 2 ports transmission of CC2 (TDD) which should be with no confusion. However, we may need to differentiate TPMI = [0 1] and [1 0] cases. For the UL switching mode, one Tx chains is fixed to CC1 (FDD) and another Tx chain is switched between CC1 and CC2. We expect the precoding vector [0 1] is mapped to 2 Tx on CC2 and [1 0] is mapped to 1 Tx on CC2. 

PUCCH and PRACH are one port transmission from RAN1 perspective even though two Tx chain could be used transparently to increase the UL reliability. However, we need to decide which case it belongs to. For simplicity, we propose to put them into Case 1.

For a Configured Grant (CG) PUSCH, UE is with flexibility to initial Tx without DCI. To avoid ambiguity between network and UE, we propose that a UE uses 2-port for CG PUSCH in Case 2 and 1-port for CG PUSCH in Case 1.

Based on the above discussion, we have the following proposals for option 2. 

Proposal 2: In option 2, 
· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=, PUSCH with TPMI=, 2-port SRS, 2-port configured grant PUSCH
· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH

Proposal 3: In option 2, the switching decision should only depend on the events in CC2 (TDD) with the following decision rule:
· For any time period that overlaps with CC2 (TDD) UL: 
· If 2 Tx in CC2 (TDD) is requested for any part of the observation period (as defined in Proposal 10)  Case 2
· Otherwise  Case 1
· For any time period that doesn’t overlap with CC2 (TDD) UL (i.e. CC1 (FDD) only) 
· Always  Case 1
· In other words, at the end of a TDD UL period, always switch to Case 1, irrespective of history and irrespective of what grants may have been received 


Timeline related aspects for UL switch
UL switch timeline
To better discuss the switching, UE preparation time and other key issues, we would like to share the understanding of the timeline as in Figure 2. 
Before starting the discussion on switching details, we would like to propose only allowing one switch for a consecutive UL transmission period of CC2 (TDD) to simplify the specification efforts. The UL transmission here includes UL symbols of special slot and following UL slots. 
Due to the nature of the radio propagation, CC1 (FDD) is likely to be deployed as the coverage layer and carries important control information – e.g. PUCCH. In this sense, the CC1 Tx’s availability on the CC1-UL-only (a.k.a. CC2 DL) slot is vital to the system performance. 
With the above two proposal, we would also clarify the allowed switch boundaries are start and end of UL in CC2. The proposal on timeline is summarized as following proposal 2.
Proposal 4: To simplify the specification discussion, we make the following proposal on timeline. 
· Only allowing one switch for consecutive UL transmission of CC2 
· Allowed switch boundaries are the start and the end of UL slot in CC2 


[bookmark: _Ref32531037]Figure 2: Notation of timeline

Placement of transient time
The location of the transient time for CA is semi-statically configured by RRC on one specific carrier of the two uplink carriers. Considering the motivation of this UL switching is to fully utilize the wide bandwidth of CC2 at high geometry area, we propose to place the transient time always in CC1 (FDD) as default to achieve better throughput with UL switching. The value of transient discussed in RAN4 is on the granularity of one or multiple symbols @ 30KHz SCS. During this transient time UE should not expect any scheduled Tx and the occurrence of a requested transmission in a gap is an error case.  
Proposal 5: For placement of transient time
· Relative placement of transient is RRC configured
· Placing transient always in CC1 (FDD) should be default
· Gap is created by gNB scheduling, the occurrence of a requested transmission in a gap is an error case


[bookmark: _Ref37424538]Figure 3: placement of transient time

UE preparation time
In RAN1#100e, RAN1 agreed that If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period. However, there is an open issue that the switching value should be rounded up by symbols or samples. Our proposal is the value should be rounded up by symbols as UE implementation always needs convert time to symbols. Meanwhile, in RAN4, switching gap was approved in both absolute value and rounded up by symbols [4]. Even from alignment with RAN4 decision perspective, we propose RAN1 also round up with symbols.
· Length of UL switching period for defining UE RF requirements and capability reporting:
· For SUL and UL CA
· {35us, 140 us, 210us} or {1, 4, and 6} OFDM symbols for 30kHz SCS
· For EN-DC
· {35us, 140 us} or {1, 4} OFDM symbols for 30kHz SCS
· Send the above information to RAN 1/2
Proposal 6: additional PUSCH switching should be in integer symbols, if UL Tx switching is configured.

As the additional PUSCH preparation time is requested when UL switching is required, there is a “deadline” for UE to make the switching decision. The deadline for each potential switch (according to proposal 7) is illustrated as the red lines in Figure 3. With the deadline established for a potential switch, the decision of whether or not to switch depends on the UL grants UE received before the deadline. The next question is that UE needs to decode and check which grants it received before the deadline to make the decision? Apparently, it does not make sense to require UE to decode all UL grants it received before the deadline. The reason is that, for a UL grant schedule a PUSCH with very large K2 value, requiring to decode and check this grant to make UL switch decision unnecessarily tighten the decoding timeline for that UL grant, which put unnecessary stringent requirement on UE PDCCH decoding implementation. Therefore, we need define an “observation period” that is a set of TDD UL slots, where an UL grant schedules an UL transmission in that set of TDD UL slots and the UL grant is involved in the decision of UL switch. In other words, UE only expects that the UL grants whose scheduled UL transmission falls in the observation period trigger an UL switch. 

Based on above reasoning, we propose the following:
Proposal 7: the observation period for an allowed switch boundary is 
· Option 1: first TDD slot after the allowed switch boundary
· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 
· Among these two options we prefer Option 1 for simplicity. 

DL interruption 
RAN4 LS [4] ask RAN1 to evaluate the potential impact if DL interruption is applicable for some band combinations. 
Figure 4 is an illustrative figure of DL interruption time. When UE switches its UL Tx from CC1 to CC2, beside the yellow part, the time indicated as “DL interruption” might be needed based on UE implementation.  This RF retuning caused DL glitch is similar as the  which is time from UE Transmission to reception.  Here we suggest RAN1 to consider leverage the  wording TS38.211 with repurposing. 


[bookmark: _Ref37426701]Figure 4 illustrative of DL interruption
Example wording is as following

· During UL Tx switching, a UE reporting DL interruption capability among a group of cells is not expected to receive in the downlink in the reported cell(s) earlier than the value of DL interruption after the end of UL Tx switching. 

Proposal 8: leveraging  wording of half-duplex in TS38.211 with repurposing for DL interruption description.
Switching mechanism of EN-DC
RAN1#99 leaves the EN-DC switching mechanism and collision handling rule as open issues. 
RAN4 made the agreement that the location of the switching period is in NR carrier. From the intention that no impact to the LTE operation, we propose to reuse Rel-15 EN-DC single UL Tx operation with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes
· No change to LTE operation

Proposal 9: for EN-DC, reuse Rel-15 EN-DC single UL Tx operation with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes
· No change to LTE operation
Conclusions
We discussed the open issues on notation of timeline, placement of transient time, UE preparation time, switching mechanism for inter-band CA, and switching mechanism for ENDC. Based on the discussion, we have the following observations and proposals:
Observation 1: For the mapping between Tx chains and UL transmission ports, Option 2 is better than option 1, because the inter-band CA is expected to allow simultaneous Tx on 2 CCs.

Proposal 1 For inter-band UL CA, if uplink Tx switching is configured, UE can report via capability signaling which option (between Option 1 and Option 2) is supported.  

Proposal 2: In option 2, 
· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=, PUSCH with TPMI=, 2-port SRS, 2-port configured grant PUSCH
· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH

Proposal 3: In option 2, the switching decision should only depend on the events in CC2 (TDD) with the following decision rule:
· For any time period that overlaps with CC2 (TDD) UL: 
· If 2 Tx in CC2 (TDD) is requested for any part of the observation period (as defined in Proposal 10)  Case 2
· Otherwise  Case 1
· For any time period that doesn’t overlap with CC2 (TDD) UL (i.e. CC1 (FDD) only) 
· Always  Case 1
· In other words, at the end of a TDD UL period, always switch to Case 1, irrespective of history and irrespective of what grants may have been received 

Proposal 4: To simplify the specification discussion, we make the following proposal on timeline. 
· Only allowing one switch for consecutive UL transmission of CC2 
· Allowed switch boundaries are the start and the end of UL slot in CC2 

Proposal 5: For placement of transient time
· Relative placement of transient is RRC configured
· Placing transient always in CC1 (FDD) should be default
· Gap is created by gNB scheduling, the occurrence of a requested transmission in a gap is an error case

Proposal 6: additional PUSCH switching should be in integer symbols, if UL Tx switching is configured.

Proposal 7: the observation period for an allowed switch boundary is 
· Option 1: first TDD slot after the allowed switch boundary
· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 
Among these two options we prefer Option 1 for simplicity.

Proposal 8: leveraging  wording of half-duplex in TS38.211 with repurposing for DL interruption description.

Proposal 9: for EN-DC, reuse Rel-15 EN-DC single UL Tx operation with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes
· No change to LTE operation
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