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1. Introduction
In NR R15, how to realize 0ms interruption has been discussed. Since time is limited for Release 15, we would continue to study/develop solutions to reduce interruption time during HO in R16. No matter DC-based solution or other solutions to achieve 0ms interruption[1], intra-frequency handover is the most common mobility scenario[2], we should consider the feasibility of intra-frequency handover in NR.
In this contribution, we will further discuss some details about interaction of TDM pattern between the source gNB, the target gNB and the UE in intra-frequency handover in NR.

2. Discussion
2.1
RAN4 agreed LS to RAN2

RAN2#97bis meeting has sent an LS on the feasibility of DC-related mobility enhancements in NR to RAN1/4, and the last RAN4 NR Ad-Hoc#2 meeting has confirmed that it is feasible for UE to perform simultaneous Tx/Rx from/to two intra-frequency cells in synchronous network with single RF chain or dual RF chains with the following details [3]:

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.

…

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.

…

Q3: Do the answers to Q1-Q2 change depending on the frequency bands? 
Answer: Yes. From RAN4 perspective, the above answers to Q1-Q2 at least apply for UE with omni-directional antenna, i.e. typically at low frequency range. With beamforming that can be done only in a certain direction, typically at high frequency range, it is not feasible that the UE performs simultaneous reception and/or transmission from and/or to two intra-frequency cells.

…
Based on the LS from RAN4, some opinions are confirmed:

· It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains.

· It is feasible that UE performs simultaneous transmission to two intra-frequency cells in synchronous network with single RF chain or dual RF chains.
· The above answers only apply for the UE at low frequency range, not high frequency range.
Observation 1: RAN4 considers it feasible to perform simultaneous reception/transmission from two intra-frequency cells at low frequency range, not high frequency range.
Since it is not feasible to perform simultaneous reception/transmission from two intra-frequency cells at high frequency range, it is considered to find some solution for intra-frequency handover in the high frequency scenario. Interaction of TDM pattern between the source gNB, the target gNB and the UE is a feasible way for intra-frequency handover for TDM pattern avoids simultaneous reception/transmission from two intra-frequency cells.
Observation 2: Interaction of TDM pattern is a feasible way for intra-frequency handover.
2.2
Interaction of TDM pattern
The types of TDM pattern
There are different types of TDM patterns to achieve the UE reception/transmission time allocation between the source gNB and the target gNB.
1. Negotiate some TDM patterns and interact the index
In this way , such table should be negotiated and stored in the source gNB, the target gNB and the UE in advance:
Table 1. parallel table of TDM Pattern

	Index
	TDM Pattern

	1
	Period = 40 ms，first 20 ms is for UE and the source gNB

	2
	Period = 40 ms，first 20 ms is for UE and the target gNB

	3
	Odd SFN is for UE and the source gNB

	4
	Odd SFN is for UE and the target gNB


When the TDM pattern is decided, the index will be interacted which can reduce the signalling since the index is much shorter than the TDM pattern itself.
2. Negotiate the period and interact the start time
In this way,  the period should be negotiated and stored in the source gNB, the target gNB and the UE in advance. And the start time is interacted. For example, period is negotiated to be 40 ms and the start time is 30 ms which means the first 10 ms is for UE and the source gNB.
3. Negotiate the period and interact the bit map
In this way,  the period should be negotiated and stored in the source gNB, the target gNB and the UE in advance. And the bit map is interacted. For example, period is negotiated to be 10 ms and the bit map is 1111110000  which means the first 6 ms is for UE and the source gNB.
The source gNB decides the TDM pattern

There are three options of who decides the TDM pattern:
1. The UE

2. The source gNB

3. The target gNB

Since the handover procedure is decided by the source gNB, it is reasonable for the source gNB to decide the TDM pattern. In this way, the source gNB should add the TDM pattern in the HANDOVER REQUEST message. After received the TDM pattern, the target gNB adds the TDM pattern in the Target NG-RAN node To Source NG-RAN node Transparent Container which is red part in Table 2. And the source gNB sends the RRCReconfiguration message with TDM pattern to the UE. The procedure of this solution is shown in Figure 1.
Table 2. Handover Request ACK

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	ignore

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	YES
	ignore

	PDU Session Resources Admitted List
	M
	
	9.2.1.2
	
	YES
	ignore

	PDU Session Resources Not Admitted List
	O
	
	9.2.1.3
	
	YES
	ignore

	Target NG-RAN node To Source NG-RAN node Transparent Container
	M
	
	OCTET STRING
	
	YES
	ignore

	UE Context Kept Indicator
	O
	
	9.2.3.68
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore



[image: image1.emf]Source gNB

Handover Decision 

Handover Request with TDM pattern

Handover Request ACK with TDM 

pattern

RRCReconfigration

Measure Report

RRCReconfigration with TDM pattern

Random Access 

UE Target gNB

Admission Control

RRCReconfigurationComplete

1

2

3

4

5

7

6


Figure 1. Handover procedure with TDM pattern interaction

Proposal 1: Consider the source gNB  decides the TDM pattern during intra-frequency handover.
Asynchronous scenario

The asynchronous scenario should be considered in intra-frequency handover since it has some impact when the source gNB and the target gNB interacts the TDM pattern. when received the TDM pattern sent by the source gNB, the target gNB should consider the time difference with the source gNB based on the SFTD (SFN and Frame Timing Difference) which is reported by the UEs.
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Figure 2. The content of SFTD

For example, using the type 2 whose period is 60 ms and the start time is 40 ms.  If the target gNB ignores the time difference with the source gNB, it will start the communicate with the UE since during SFN is 6 to 8 of itself, which will lead to overlap with  the time between the source gNB and the UE. It is left to the network implementation.
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Proposal 2: The target cell should consider the time difference when the source gNB and the target gNB are asynchronous.

TDD cell

If the source cell or the target cell is a TDD cell, some TDM pattern will lead to some issue. For example, the target cell is a TDD cell whose period of  TDD is 10 ms, the first 5 ms is for uplink and the last 5 ms is for downlink. And the period of TDM pattern is also 10 ms, the first 6 ms is for the source gNB and the UE, then the last 4 ms is for the target gNB and the UE. Obviously, here is an issue that the target cell has no uplink time. It is left to the network implementation.
Proposal 3:  TDD uplink-downlink configuration of source or target cell should be considered in decision of the TDM pattern.
3. Conclusion
In this contribution, we made the following observations and proposals:
Observation 1: RAN4 considers it feasible to perform simultaneous reception/transmission from two intra-frequency cells at low frequency range, not high frequency range.
Observation 2: Interaction of TDM pattern is a feasible way for intra-frequency handover.
Proposal 1: Consider the source gNB decides the TDM pattern during intra-frequency Handover.
Proposal 2: The target cell should consider the time difference when the source gNB and the target gNB are asynchronous.

Proposal 3:  TDD uplink-downlink configuration of source or target cell should be considered in decision of the TDM pattern.
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