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1. Introduction

In RAN2#103bis meeting, RAN2 sent an LS [1] to RAN4 and RAN1 on the interruption time during mobility in LTE. The content of the LS is duplicated as below,

	1. Overall Description:

During RAN2#103bis meeting, the initial meeting for LTE_feMob WI, various solutions aimed at reducing the interruption time during handover in LTE were considered. As a result of the discussion, RAN2 would like to kindly ask RAN4 and RAN1 to provide their feedback on the following questions:

1) Considering different combinations of TRX chains (e.g. single Tx/Dual Rx, Single TRX, Dual Tx/Dual Rx, etc.) is it feasible to perform simultaneous transmission/reception of various UL & DL physical channels/signals to/from two cells, considering the following aspects:

a. Intra-frequency case

b. Inter-frequency case

c. Synchronous deployment

d. Asynchronous deployment

e. The same or different bandwidth between the source and target cell

2)  Should the interruption requirements in 5.1.2.1.2 of TS 36.133 serve as a starting point for Rel-16 LTE_feMob evaluations?
Additionally, RAN2 would like to refer to the liaison statements sent in R4-1706913 and R1-1709809 during NR work item. The feasibility of simultaneous transmission/reception to/from two inter-frequency or intra-frequency cells in asynchronous case was left FFS by RAN4. As this scenario may be potentially applicable also to LTE_feMob work item, we kindly ask RAN4 to consider the feasibility of such scenario. 
2. Actions:

To RAN WG1 and RAN WG4:

ACTION: 
RAN WG2 respectfully asks RAN WG1 and RAN WG4 to provide the answers to Question 1. Additionally, RAN WG4 is respectfully asked to answer Question 2.


In this contribution, we provide discussion on this topic.
2. Discussion
Based on the LS, the follow cases shall be discussed respectively.

Case 1: Simultaneous transmission and reception for intra-frequency & Synchronous deployment

Case 1 has been discussed in RAN4 in the initial phase when we discussed the RRM core requirements. At that time, RAN2 sent an LS on the feasibility of DC-related mobility enhancements in NR [R2- 1703971]. The LS mainly focus on the intra-frequency case. After several meeting cycles discussion, RAN4 replied the LS as below [R4-1706913].
	Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?
Answer: It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains. 
Regarding UE with single or dual RF chain in asynchronous network case, the feasibility is FFS.
Note: RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation.

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer: It is feasible that UE performs simultaneous transmission to two intra-frequency cells in synchronous network with single RF chain or dual RF chains. 

Regarding UE with single or dual RF chains in asynchronous network case, the feasibility is FFS.

Note: RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation.


It is already concluded that it is feasible that UE performs simultaneous transmission in intra-frequency synchronous scenario. The possible implementation is using same RF chain and same timing for two uplink transmissions since the two cells are synchronous. 
It is also concluded that it is feasible that UE performs simultaneous reception in intra-frequency synchronous scenario. As the timing accuracy between two cells is within 3us in synchronization scenario, which is larger than half CP length for 15kHz SCS, the preferred RX implementation is dual FFT on the same carrier. The performance of AGC may need further evaluation.
Case 2: Simultaneous transmission and reception for intra-frequency & Asynchronous deployment

Regarding the simultaneous transmission and reception in intra-frequency asynchronous scenario, there is no conclusion when we discussed last year. 
From implementation point of view, in order to support the simultaneous transmission in asynchronous deployment, it may need UE to support dual Tx on the same band, which leads to high cost and implementation complexity. In addition, the power control strategy needs further consideration. 
Regarding simultaneous reception in asynchronous deployment, the possible implementation is using dual FFT on the same carrier. Generally it is feasible that UE performs simultaneous reception for intra-frequency & Asynchronous deployment. 
Case 3: Simultaneous transmission and reception for inter-frequency & Synchronous deployment
There is no discussion on simultaneous transmission and reception inter-frequency deployment before.
It may be not feasible for simultaneous transmission in inter-frequency synchronous deployment. Firstly it depends on UE capability to support uplink LTE CA since two inter-frequency uplink shall be supported. Secondly the power control strategy shall be carefully considered. In addition, the UE power needs be shared by serving cell and targeting cell for simultaneous transmission, which would causes the problem of coverage.

    It seems feasible for simultaneous reception in inter-frequency synchronous deployment if UE has the capability to support the corresponding DL CA.
Case 4: Simultaneous transmission and reception for inter-frequency & Asynchronous deployment

From UE implementation point of view, whether support of simultaneous transmission and reception for inter-frequency asynchronous deployment is same as the inter-frequency synchronous deployment.
Question 2: Should the interruption requirements in 5.1.2.1.2 of TS 36.133 serve as a starting point for Rel-16 LTE_feMob evaluations?
The interruption for RAN4 is defined in TS36.133, i.e., The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH when UE is configured with normal or make-before-break handover, or the time the UE starts transmission of new PUSCH when UE is configured with RACH-less or combination of make-before-break and RACH-less handover, excluding the RRC procedure delay.
In TS36.133 the different interruption time requirements for handover corresponding to the different mechanisms are specified including the interruption time for normal handover since Rel-8, interruption time for RACH-less handover, interruption time for make-before-break, interruption time for combination of make-before-break and RACH-less handover in the different sections.
3. Conclusions

This contribution provides the discussion on the LS on the interruption time during mobility. Our views on the questions are summarized in the below table.
	Q1: Intra-frequency & Synchronous deployment
	Simultaneous transmission
	It would be feasible if using the same RF chain and timing for uplink  transmissions

	
	Simultaneous reception
	It is feasible. Dual full/large size FFT is preferred on the same carrier. The performance of AGC may need further evaluation.

	Q1: Intra-frequency & Asynchronous deployment
	Simultaneous transmission
	May not be feasible. It needs UE to support dual Tx on the same band, which leads to high cost and complexity. And the power control is complex.

	
	Simultaneous reception
	It seems feasible. Dual full/large size FFT is preferred on the same carrier. The performance of AGC and LNA may need further evaluation.

	Q1: Inter-frequency & Synchronous deployment
	Simultaneous transmission
	May not be feasible. Firstly it depends on UE capability to support uplink LTE CA. But the complex power control similar as LTE DC would be needed, which is different from LTE CA. And the UE power needs be shared by serving cell and targeting cell for simultaneous transmission, which would causes the problem of coverage.

	
	Simultaneous reception
	It seems feasible depending on the UE capability to support the corresponding DL CA.

	Q1: Inter-frequency & Asynchronous deployment
	Simultaneous transmission
	May not be feasible. Firstly it depends on UE capability to support uplink LTE CA. But the complex power control similar as LTE async DC would be needed. And the UE power needs be shared by serving cell and targeting cell for simultaneous transmission, which would causes the problem of coverage.

	
	Simultaneous reception
	It seems feasible depending on the UE capability to support the corresponding DL CA.

	Q2
	In TS36.133 the different interruption time requirements for handover corresponding to the different mechanisms are specified including the interruption time for normal handover since Rel-8, interruption time for RACH-less handover, interruption time for make-before-break, Interruption time for combination of make-before-break and RACH-less handover in the different sections.
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