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Discussion and Decision
1      Introduction
In [1], open issues are summarized for Tx switching between two uplink carriers from RAN1 perspective. As per the guidance of Chairman, following issues are identified for email discussion/approval during RAN1 #100 e-meeting:

· [100e-5.1LS-TxSwitching-01] Email approval of 38.214 CR as in R1-2000792 by 2/25 – Mihai (Nokia)

· [100e-5.1LS-TxSwitching-02] Email discussion/approval on remaining issues on PUSCH preparation procedure (e.g., length of additional time, judgement condition on increment of time, etc.) and conclude by 02/28; if there is a spec impact, followed up by endorsing the corresponding TP by 3/3 – Jianchi (CT)

· [100e-5.1LS-TxSwitching-03] Email discussion/approval on remaining issues on inter-band UL CA, including:

· The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, switching mechanism, UL phase, support of codebook/non-codebook based PUSCH transmission, etc.

· Clarification on handling of transmission collision between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 for configured transmission.

and conclude by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Jianchi (CT)

· [100e-5.1LS-TxSwitching-04] Email discussion/approval on remaining issues on inter-band EN-DC without SUL, including

· The related issue and solutions w.r.t. the condition of the presence of the switching period, including mapping between UL transmission ports and Tx chain, TDM pattern, switching mechanism, etc.

· Handling of transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR.

and conclude by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Jianchi (CT)

This is email discussion thread #4 to discuss remaining issues on remaining issues on inter-band EN-DC without SUL.
2      Discussion on remaining issues for inter-band EN-DC without SUL
One of issues raised for EN-DC is whether concurrent transmission in both LTE and NR can be supported. Companies are invited to provide views on this issue.
	Companies
	Support or not
	Comments

	ZTE
	Support
	The concurrent transmission in both LTE and NR can be supported if NR carrier is configured with 1 port transmission.

At such a late stage of Rel-16, we prefer to reuse the existing mechanism for Tx switching as much as possible. Fully reusing single Tx mechanism, i.e., no concurrent transmission, is also acceptable to us.
If companies prefer to introduce concurrent transmission in both LTE and NR, then the spec impact at the NR side should be minimized.

	OPPO
	Not support
	

	Huawei, HiSilicon
	No support of dynamical switching between concurrent transmission operation and SUO
	(Revision in red)

The normal EN-DC operation has supported concurrent transmission. Combined with the new operation with single uplink transmission, two operations have been able to be switched by RRC reconfiguration. No need to support additional dynamical switching between two operation modes, which requires big RAN1 spec impacts thus not in line with WID.
In RAN4 agreement R1-1913041, the RAN4 WID (RP-192251) about the Tx in Case1/Case2 has been clarified not to be active Tx with UL transmission. Concurrent transmission is not a task.
“

· Tx in case 1 and case 2

· Clarify in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission.
”

	Nokia
	Supported
	The concurrent transmission is possible when NR is transmitting 1-port transmission.

	Samsung
	Not support
	We agree with Huawei’s comment. 

	Qualcomm 
	support
	This is to follow the Plenary agreement in RP-192251 

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 



	MediaTek
	Not support
	Our preference is that no concurrent transmission in both LTE and NR allowed when the switching gap is configured to a UE. 

	vivo
	Not support
	Agree with Huawei and MediaTek


Rel-15/16 SUO TDM pattern is proposed to handle transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR and support switching mechanism for EN-DC.
Proposal:

· Option 1: Reuse Rel-15 EN-DC HARQ timing case 1 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. 

· UE is not expected to transmit in NR for Case 1.

· No change to LTE operation.

· Option 2: Reuse Rel-15 EN-DC HARQ timing case 1 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. 

· In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. 

· No change to LTE operation.

· Option 3: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell

· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 

· UE is not expected to transmit in NR for Case 1.

· ​No change to LTE operation. 

· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

· ​For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.
· Option 4: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell

· UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. 

· In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. 

· ​No change to LTE operation. 

· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

· ​For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.
Companies are invited to provide views on the above options.

	Companies
	Preferred option
	Comments

	ZTE
	Option 1
Option 2
	In fact, Option 1 is trying to fully reuse the Rel-15 single Tx mechanism, which almost has no spec impact. Due to the late stage of Rel-16, we prefer a solution without much spec impact. Thus, Option 1 is acceptable to us.
Compared with Option 1, the only difference is that UE is expected to be able to simultaneously transmit in LTE and NR in LTE TDM U subframes, if NR carrier is configured with 1 port PUSCH/SRS transmission. This introduces negligible spec impact in NR side. Thus, Option 2 is also acceptable to us.

	OPPO
	Option 1
	

	Huawei, HiSilicon (rev1)
	Option 3 with modification  which is a super set of Option 1 with modification plus PRACH configuration subject to UE capability
	(Revision in Red)

Thanks for the summary. Firstly, Rel-16 supports TDD PCell of SUO HARQ timing case 1. We suggest to include it into Option 3 and 4 by adding “with FDD/TDD PCell”.
Secondly, the difference between option 1 and option2, and the difference between option 3 and option 4 are only about whether to support additionally dynamical switching between two operation modes. As commented above, we don’t see a concrete proposal about how to support dynamical operation switching, but it causes big RAN1 spec impacts, and even RAN4 spec impacts. For example, two separate power-class’s should be specified for the slots with concurrent transmission and single uplink transmission, respectively, which have been agreed not to introduce in RAN4. In short, Option 2 has much more spec impacts than Option1, Option 4 has much more spec impacts than Option 3.
Option3 is reusing what has been supported by Rel-16 MR-DC WI, spec impact is very small here.

Therefore, we prefer Option3 (including both FDD/TDD PCell as below)

Additionally, we propose a revision for Option3 as below to resolve the following issues

· The wording Case1 is overlapping with HARQ time Case1 and causes confusion.

· It unnecessarily forces a UE to always retune its hardware to 0Tx+2Tx on every subframes not designated as UL by SUO TDM pattern even if no UL transmission is scheduled on the NR uplink. For example, when there is no NR UL at all or no LTE UL transmission at all, it should allow the UE to have no RF retuning.

(Some texts are borrowed from the email discussions on draft CR)
· Option 3a: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell

· If a UE is configured with EN-DC and UplinkTxSwitching operation, if the UE is expected to be configured with EN-DC HARQ timing case 1.

· For every NR PUSCH/PRACH/PUCCH/SRS transmission occasion, only if the last transmission is LTE transmission, then the UE assumes that an uplink switching is triggered for a duration of time (values up to RAN4 decision), during which the UE is not expected to be scheduled or configured to transmit on any of the two uplinks.
· UE is not expected to have NR transmission overlapping with LTE subframes designated as “UL” by EN-DC HARQ timing case 1.

· No change to LTE operation. 

· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

· ​Subject to For UE capability of dynamic power sharing, 
· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration.

· if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.

	Nokia
	
	There is no need to define how the network ensures that the transmissions that cannot take place simultaneously do not take place simultaneously. It is a good idea to assume that the UE supporting UL switching mandatorily supports at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell, but there is no need to require that to be configured so that the UL transmission occasions can overlap. 

	Qualcomm
	Option 2
	Option 2 is more consistent with the Plenary agreement

Option 4 can be additionally considered but Option 2 is preferred



	MediaTek
	Option 1
	But OK with Option 3.

	vivo
	Option 1 and 3
	If UE supports Rel-15 TDM pattern, Option 1 can be used. 

If UE supports Rel-16 TDM pattern, Option 3 can be used


Other issues
Companies are invited to provide views on other issues not covered above.
	Companies
	Comments

	ZTE
	According to the RAN4 LS, the switching period is fixed at NR carrier for Tx switching between two uplink carriers for EN-DC. It is not clear whether the switching period has to be included in the UL phase. Take Figure 1 for illustration, slot#0 to slot#5 are in Case 1, UE can transmit 1-port UL transmission in carrier 1 and/or carrier 2. Slot#6 to slot#9 are in Case 2, UL can transmit 1-port or 2-port UL transmission in carrier 2, i.e., no UL transmission in carrier 1 is expected. However, considering the slot configuration of carrier 2, only slot#8, slot#9 and part of slot#7 can be used for UL transmission. In this example, slot#6 and part of the slot#7 cannot be used for UL transmission in either carrier 1 or carrier 2. If the switching period can be put into this time duration (before the UL phase), the system performance impact due to the switching can be reduced.
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Figure 1 TDM pattern for Tx switching.
Proposal: RAN1 clarifies whether switching period can be put into the time duration outside of the UL phase for EN-DC, i.e., the time duration (slot#6 and slot#7 in the Figure.1) where UL transmission is not allowed to transmit in either carrier 1 or carrier 2.


	Huawei, HiSilicon
	For Option3a, the additional time of PUSCH procedure time is proposed as,
Proposal:
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· For a UE configured with EN-DC and [RRC parameter Tx switching], if the last UL transmission in is E-UTRA transmission, then [image: image4.png]N,
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	Qualcomm
	Since LTE operation should not be impacted, the switching period should be always outside of the subframes designated as UL in the Case 1 configuration

	MediaTek
	It should be clarified whether the switching can happen in the middle of an LTE subframe or NR slot. In order not to impact LTE specs, it’s proposed that the switching is only allowed at LTE subframe boundary and the switching gap should be on NR side.


3      Proposals
Based on the inputs, proposals are summarized as follows:

Proposal 1:

· For EN-DC, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching
· If UE has UL transmissions
· For LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed.

· If UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Down selection on the following two options:

· Option 1: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.

· Option 2: In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. 
· No change to LTE operation.

Proposal 2:

· For EN-DC, Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching
· If UE has UL transmissions
· For LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed.

· If UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Down selection on the following two options:

· Option 1: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.

· Option 2: In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. 
· ​No change to LTE operation. 

· ​For UE capable of dynamic power sharing, 
· UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. 

· If the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.
Other proposals were raised during the discussion

Proposals from Nokia
· In case of LTE FDD Pcell and NR TDD SCell:
· For LTE subframes not overlapping with NR UL slots in the NR DL/UL configuration, the state of Tx chain “1Tx in LTE”

· For LTE subframes overlapping with the NR UL slots in the NR DL/UL configuration:

· Option 1: The UE is not expected to be scheduled or configured UL transmissions in the LTE UL 

· Option 2: The UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 

· Note: EN-DC, Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching

· In case of LTE TDD Pcell and NR TDD SCell:
· For LTE UL subframes not overlapping with NR UL slots in the NR DL/UL configuration, the state of Tx chain “1Tx in LTE”

· For NR UL slots in the NR DL/UL configuration not overlapping with LTE UL subframes, the state of the Tx chain is [to be resolved]

· For LTE UL subframes overlapping with the NR UL slots in the NR DL/UL configuration:

· Option 1: The UE is not expected to be scheduled or configured UL transmissions in the LTE UL 

· Option 2: The UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 

· Note: EN-DC, Rel-16 EN-DC HARQ timing case 1 with TDD PCell can be reused to support uplink Tx switching

Proposals from Huawei
· For EN-DC, if a UE is configured with operation of uplink Tx switching:
· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.

· Note: the location of any switching period still follows RAN4 agreements.

· A switching period is required in the following cases,

· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 

· For a NR UL transmission, the last UL transmission is a LTE transmission

· FFS: other cases pending on the down-selection between Option1 and Option2 below.

· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching

· Down selection on the following two options:

· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.

· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.

· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT

· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/ PUCCH/SRS transmission. 

· No change to LTE operation.​

Proposals from Qualcomm
· (1a) For synchronous EN-DC, without Rel-15 or Rel-16 EN-DC HARQ timing case 1 configuration, the NR-NR CA framework can be reused to support uplink Tx switching
· Tproc,2 = 4 ms + switching period (rounded up to next 15kHz symbol)
· Not applicable to asynchronous EN-DC
· UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/ PUCCH/SRS transmission
· The switch period cannot be inside an LTE subframe that is used for LTE transmission
· No change to LTE operation
· (1b) For EN-DC, Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching

· The state of Tx chains can change once at the beginning of the first subframe designated as UL in the reference DL/UL configuration and once at the end of the last subframe designated as UL in the reference DL/UL configuration. The state of Tx chains cannot change at other times
· If UE has LTE UL transmissions in the first subframe designated as UL in the reference DL/UL configuration
· For LTE subframes designated as UL in the reference DL/UL configuration, the state of Tx chain “1Tx in LTE and 1Tx in NR” is assumed.

· If UE has NR UL transmissions in the first slot after the last subframe designated as UL in the reference DL/UL configuration
· For LTE subframes other than designated as UL in the reference DL/UL configuration, the state of Tx chain “0Tx in LTE and 2Tx in NR” is assumed.

· Tproc,2 = 4 ms + switching period (rounded up to next 15kHz symbol)
· (Working Assumption) If UE does not have UL transmissions at the times described above, the state of Tx chains of last UL transmission is assumed.

· Down selection on the following two options:
· Option 1: UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration.
· Option 2: In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/ PUCCH/SRS transmission.

· The potential switch period is immediately before the first subframe designated as UL in the reference DL/UL configuration and immediately after the last subframe designated as UL in the reference DL/UL configuration
· No change to LTE operation.

· Separate optional capability indication for (1a) and (1b) if both are specified
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5      Appendix
	Companies
	Views

	vivo (R1-2000302)
	Proposal 1: For EN-DC, support SUO operation by using either tdm-PatternConfig-r15 or tdm-PatternConfig-r16 based on UE capability.
Proposal 2: For EN-DC UEs without dynamic power sharing capability, UE is not expected to be scheduled with LTE UL transmissions outside the UL subframe set  configured by the TDM pattern such that the collision between LTE 1Tx and NR 2Tx transmissions are avoided by the network scheduler.
Proposal 3: For EN-DC UEs with dynamic power sharing capability, UE can be scheduled with LTE PUSCH in all UL subframes and if there is a collision between LTE 1Tx and NR 2Tx, the NR transmission is dropped.

	ZTE (R1-2000354/R1-2001132)
	Proposal 3: To support Tx switching between two uplink carriers for EN-DC, reuse Rel-15 EN-DC HARQ timing case 1 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

· In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port transmission.

· NOTE: No change to LTE operation

· NOTE: UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration

Proposal 4: RAN1 clarifies whether switching period can be put into the time duration before the UL phase for EN-DC, i.e., the time duration where UL transmission is not allowed to transmit in either carrier 1 or carrier 2.

	CATT (R1-2000515)
	Proposal 2:

· For inter-band EN-DC without SUL, UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration, and always assume Case 2 in the remaining subframes.

	Nokia, Nokia Shanghai Bell (R1-2000552)
	· EN-DC: From the UE perspective, what matters is that the same RF behavior can be followes as with the UL CA, not how it is achieved. It may be practical to achieve the TDM operation between the two uplinks with the 1Tx TDD pattern, but there is no necessiry to tie the two features together. What matters is that the collisons won’t happen.
Proposal: EN-DC follows the same rules as the NR UL inter-band CA 

	China Telecom (R1-2000597)
	· Option 1: Reuse Rel-15 EN-DC HARQ timing case 1 with FDD PCell

· Option 2: Reuse Rel-16 EN-DC HARQ timing case 1 with FDD PCell

For option 1, UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes. In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. No change to LTE operation. 

For option 2, ​UE assumes always Case 1 in both LTE subframes designated as UL in the reference DL/UL configuration and subframes where LTE PRACH is transmitting, and always assume Case 2 in the remaining subframes. In LTE subframes designated as UL in the reference DL/UL configuration, UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/SRS transmission. ​No change to LTE operation. UE PRACH resource configurations are not limited to the uplink subframes given by the HARQ timing case 1 configuration. ​For UE capable of dynamic power sharing, if the UE’s LTE PRACH transmission collides with NR uplink transmission, LTE uplink transmission is prioritized.

Proposal 3: For inter-band EN-DC without SUL, reuse EN-DC HARQ timing case 1 with FDD PCell. And make decision on which option is supported.

	Qualcomm (R1-2000949)
	Proposal 11: 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

	Huawei, HiSilicon (R1-2001026)
	Proposal 2: For an EN-DC UE configured in Tx switching mode, there should be no concurrent UL transmissions between LTE and NR.

Proposal 3: For an EN-DC UE configured with Tx switching, and capable of dynamic power sharing, the definition of Case 1 and Case 2 and UE behavior should be:  

· Case 1: UE only proceeds LTE UL transmission on LTE carrier.

· Case 2: UE proceeds NR UL transmission on NR carrier in the slots/symbols which are not overlapping with LTE UL transmission.

· The UE behavior towards collision between Case 1 and Case 2 should follow the NR UL transmission dropping specified in the subclause 7.6.1 of TS 38.213 for the SUO of EN-DC UE. 
· If there is no overlapping between Case 1 and Case 2 but the switching period available between Case 1 and Case 2 is smaller than that required by the UE, then the whole NR transmission can be dropped.
· UE is expected to be configured with SUO TDM pattern, and only LTE PRACH transmission can be transmitted beyond the TDM pattern.
Proposal 4: For an EN-DC UE configured with Tx switching, and incapable of dynamic power sharing, the definition of Case 1 and Case 2 should be:

· Case 1: UE proceeds LTE UL transmission on LTE carrier within the LTE UL subframes indicated by TDM pattern.

· Case 2: UE proceeds NR UL transmission on NR carrier that is not overlapping with the UL subframes indicated by TDM pattern and fulfills the switching gap required by the UE.

· UE is expected to be configured with TDM pattern.
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