3GPP TSG RAN WG2 Meeting #91bis 
R2-154813
Malmo, Sweden, 5 – 9 October 2015
Agenda item:

7.10.3
Source:
Intel Corporation

Title:
Analysis on reduction of handover interruption
Document for:

Discussion and Decision
1      Introduction
In RAN2#91 meeting, enhancements to reduce the interruption during handovers was discussed [1]. The agreement was:

	=>
Can further evaluate latency caused by handover (which steps cost most time?) and investigate possible enhancements. 


In this contribution, we analyze handover interruption time, and investigate potential enhancements and corresponding impacts.
2      Discussion
Handover interruption time
Below is the simplified version of handover procedure (Figure 10.1.2.1.1-1 of [4]) with the focus on air interface.
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Figure 1: Handover procedure

After receiving handover command (Step 7, RRCConnectionReconfiguration message including the mobilityControlInfo), UE performs the following [4][5]:
· Physical layer synchronization and reconfiguration
· Start synchronizing to the DL of the target PCell.
· Reconfigure physical layer.
· Access the target cell via RACH.
· Layer 2 reset / reconfiguration
· Reset MAC.
· Re-establish/reconfigure PDCP and RLC for all RBs that are established.
· Security key update: UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell.
· Layer 3 reconfiguration (e.g. measurement configuration)
When the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message to confirm the handover, along with an uplink Buffer Status Report, whenever possible, to the target eNB to indicate that the handover procedure is completed for the UE. The target eNB verifies the UE and afterwards begins sending data to the UE.

Service interruption time in handover can be defined as the duration between UE stops transmission/reception with the source eNB and target eNB resumes transmission/reception with the UE. 
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Figure 2: Service interruption time in handover
As shown in Figure 2 above, there are several related components:
· RRC procedure delay: in section 11.2 of TS 36.331 [5], RRC procedure delay is defined as the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronization). For handover, the maximum allowed delay is 15 ms. RRC procedure delay mainly consists of RRC signaling processing (decoding etc.) and related layer 2 and layer 3 reconfiguration.
· Interruption time: in 36.133 [6], interruption time is defined as 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, excluding the RRC procedure delay. The interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + 20 ms

Where:

· Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. In most cases, target cell is selected based on UE measurement report, therefore we can consider Tsearch = 0 ms.
· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms [6][11]. The interruption is related to the RACH configuration (section 5.7.1 of 36.211 [9]). If RACH resource is configured in every UL subframe (PRACH Configuration Index 14 in case of FDD), then TIU can be minimized. However this comes at the cost of decreased system capacity.
· 20 ms reflects UE processing time [10]. 

In test cases for E-UTRA handover with known target cell (section A.5.1 of 36.133 [6]), Tinterrupt = 35 ms.
· Time for UE to finish RACH procedure and to send RRCConnectionReconfigurationComplete. Assuming LTE FDD and that subframe number is continuously numbered, then if UE sends RACH preamble in subframe n, eNB can send RAR as early as in subframe n+3 (section 5.1.4 of TS 36.321 [7]), UE can then send RRCConnectionReconfigurationComplete as early as in subframe n+9 (section 6.1.1 of TS 36.213 [8]). If there is one RACH preamble retransmission (considering minimum ra-ResponseWindowSize as 2 subframe, PRACH Configuration Index as 14, and 0 ms Backoff Parameter value) and one HARQ retransmission of RRCConnectionReconfigurationComplete, then the event sequence is as follows: RACH preamble in subframe n and n+5, the earliest RRCConnectionReconfigurationComplete in subframe n+14 and n+22.
With above calculation, it can be seen that the delay due to RACH procedure and RRCConnectionReconfigurationComplete can range from 10 subframes to 23 subframes. It should be noted that the upper range of 23 subframes depends on many assumptions (number of retransmissions, ra-ResponseWindowSize, Backoff Paramter value etc.) and can vary if different parameter values are assumed.
With above analysis, we can roughly calculate the service interruption time as follows. As shown in Figure 2 above, although we should exclude RRC signalling processing time from the calculation, it is not explicitly excluded as the time is implementation dependent.

· RRC procedure delay: ≤ 15 ms, includes RRC signaling processing, L2 reset/reconfiguration (which also includes security key update procedure).
· Interruption time: ≤ 35 ms, includes UE processing time and time to acquire first occasion of PRACH occasion in target cell.
· Delay due to RACH procedure and RRCConnectionReconfigurationComplete: 10~23 ms depending on configuration. It should be noted that interruption TIU should be also considered as part of RACH procedure.
Proposal: RAN2 to capture the analysis for service interruption time during handover described in Section 2.1 into TR.
Solution directions

There are mainly two solution directions to reduce the service interruption during handover.

· Skip certain steps in the current handover procedure, which might be scenario dependent. In this direction, as some steps are not needed, the overall service interruption time can be reduced. For example in [1], it is proposed that RACH procedure can be skipped if the timing advance to source and target cells are similar, e.g. in small cell scenarios. 
· Keep sending data to UE from the source cell during handover before some pre-defined event [2]. This option reduces service interruption time by increasing the time UE communicates with the source cell.
In the following sections, we provide preliminary analysis for some potential solutions, including the anlysis of impact to RAN2 and potentially other WGs. 
2.2.1
Skip certain steps in the handover procedure
There are several steps during handover that can be skipped:
Skip RACH procedure
The gain of skipping RACH procedure depends on how RRCConnectionReconfigurationComplete is transmitted as RACH procedure itself contains RAR which contains UL grant for RRCConnectionReconfigurationComplete.
Some aspects of this solution need further evaluation. The main concern of skipping RACH is that the power control for initial uplink transmission (RRCConnectionReconfigurationComplete) will also be skipped. To reduce the latency, RRCConnectionReconfiguration might be transmitted with aggressive power settings in open loop power control, which might cause excessive interference. There is clearly a trade-off between latency and interference here. This aspect should be evaluated in RAN1.

Skip security key update
If source cell and target cell are connected with ideal backhaul and are actually controlled by the same processor (e.g. in intra-eNB HO scenario), then there is no need to update security key or change security algorithms during handover. Keep using original security key/algorithm during handover can be indicated in the handover command. It is obvious that this solution can reduce the interruption time. The achievable gain is implementation specific. 
If source cell and target cell are connected with non-ideal backhaul, one potential solution is to introduce a logical anchor node in RAN to handle PDCP operation. This way, when UE moves between the cells connected with the anchor, there is no need to update security key. The introduction of such entity in RAN needs the involvement of RAN3.
Skip layer 2 reconfiguration

During handover, PDCP and RLC for all RBs are re-established. The reason is that the related context is not transferred during handover, even though there is PDCP data forwarding. However, considering the ideal backhaul scenario discussed above, there is no need to re-establish PDCP and RLC as the related context are controlled by the same processor in the eNB. 
2.2.2
Sending data to UE from the source cell during handover
This solution depends on assumptions of the order of steps that UE performs during handover. For example, UE should not reset layer 2 upon HO command message otherwise it cannot communicate with the source cell while UE attempts to communicate with the target cell. In addition, the feasibility of simultaneous (or TDM based) transmission/reception with source cell while performing DL synchronization/random access/ RRCConnectionReconfigurationComplete message transmission/reception with target cell needs the study from RAN1. Achievable performance gain in terms of throughput/delay should be evaluated taking into accounts the required complexity in specification and UE implementation.
From above discussion, we can see that several solutions require evaluation from RAN1. It should be noted that in current SID [3], the SI scope involves RAN1, RAN2 and RAN3, while the RAN1 objective is on TTI shortening and reduced processing times, 
Observation: some enhancements to reduce handover latency require RAN1 involvement.
3      Conclusion
In this contribution, we analyze handover interruption time, and investigate potential enhancements and corresponding impacts. We propose the following:
Proposal: RAN2 to capture the analysis for service interruption time during handover described in Section 2.1 into TR.

The following is observed:
Observation: some enhancements to reduce handover latency require RAN1 involvement.
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