3GPP TSG-RAN WG2 #105
R2-1901616
Athens, Greece, 25 Feb – 1 Mar, 2019
Agenda Item:
11.10.4
Source: 
Huawei, HiSilicon
Title: 
Enabling fast SN change
Document for:
Discussion and decision
1 Introduction
In the scope of the R16 WI of DC and CA enhancement [1], there is an objective to support efficient and low latency serving cell configuration/setup. 
	1. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode


As mentioned in [2], in R15, the SN change procedure consume significant time which can affect the UE data rate and increase the risk for failure. In this contribution, we discuss on how to reduce the latency of SN change, and list the solution and corresponding procedure.
2 Discussion
In R15, taking EN-DC as an example, we evaluate the delay of the SN change procedure split into 3 phases as shown in Figure 1, i.e. 

· Phase 1: On X2, the MN requests the target SN to allocate resources for the UE, receives the response from the SN and initiates the release of the resources of source SN allocated for the UE. 

· Phase 2: On the air interface, the UE receives, processes and applies the RRCConnectionReconfiguration message from the MN which carries the configuration from the SN for EN-DC operation.
· Phase 3: On the air interface, the UE leaves the source SN and performs RACH toward the target SN.
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Figure 1. Delay of SN change procedure in EN-DC in R15

During phase 1, the UE is using the SCG link for data transmission. However, the MN has decided to perform SN change, which may be because the link quality of the UE towards the source SN is weak and the UE data rate of SCG link has started to drop. We assume that the average transfer delay on X2 interface is 16 ms per X2AP message. Before the MN can send the RRCConnectionReconfiguration message to the UE, there are three X2AP message, i.e. SN addition request, SN addition request acknowledge and SN release request but the MN can send the SN release message to the source SN on X2 interface and send RRCConnectionReconfiguration message tp the UE in parallel, so we only count the delay of the first two X2AP messages, which is 32 ms.
During phase 2, the MN sends the RRCConnectionReconfiguration message which carries the SCG configuration from the target SN. It will take 1 ms to transmit the RRCConnectionReconfiguration message, 20 ms to process this RRC message, and an extra 1 ms to send the RLC ACK from UE, which is 22 ms.
Phase 3 is the access to the target SN. According to TS 38.133, upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR PSCell no later than in subframe n+Tconfig_PScell, where Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms. The TRRC_delay is already included in phase 2, so the time to consider is Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms. This part of delay is depends on the UE capability, and the actual delay requirement for several types of UEs is not defined yet in RAN4, we cannot give a value. In addition to this, the delay due to RACH towards the target PSCell includes the delay to acquire first available PRACH resource in target gNB, PRACH preamble transmission time and the delay of RAR after preamble received by gNB. Assuming that a 15kHz numerology is used with a typical RACH configuration and PRACH preamble transmission without repetition, the total RACH delay in NR is similar to the one in LTE, i.e. 8.5ms. 
Observation 1: For EN-DC, the total delay of SN change is 32ms + 22ms + 8.5ms, and more than half of this total delay comes from the delay on X2.
In LTE and NR, for carrier aggregation, the SCell can be first configured to be in deactivated state and once the UE requires bigger data rate, the base station will activate the SCell via an activation MAC CE. We can see the 2 step configuration and activation method is beneficial for latency reduction, and the similar method is applicable for SN change. As shown in Figure 2, a fast SN change solution based on pre-preparation of target SN is listed for an example.
Step 1. MN determines candidate Target SNs, i.e. SN1 and SN2.

Step 2. MN sends request to candidate SNs to reserve resources for the UE.

Step 3. The SNs respond to the SN preparation request and send their SCG configuration.

Step 4. The MN sends the RRCConnectionReconfiguration message to the UE to pre-configure SN related configuration.
Step 5. UE sends RRCConnectionReconfigurationComplete message to MN.

Step 6. MN forwards RRCConnectionReconfigurationComplete message to candidate Target SNs.

Step 7. MN determines to trigger a SN change procedure, and the target SN is SN1, e.g. based on UE measurement report.

Step 8. MN sends SN release to the source SN.

Step 9. MN sends the target SN (i.e. SN1) an activation indicator, so that SN knows the UE will actually access it. And MN sends the other candidates target SN(s) a cancel indicator, so that it releases the resources reserved for the UE.

Step 10. MN sends an SN activation indicator to UE to indicate that the configuration of SN1 should be apply.

Step 11. UE perform RACH to SN1 and start data transmission on SCG link of SN1.
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Figure 2. Signalling procedure for fast SN change based on pre-preparation of target SN
From the above procedure, we can see by performing step 1-step 3, the configuration of target SN can be obtained by MN in advance, then the SN addition procedure is avoided during actual SN change procedure. In addition, since UE has been processed the RRC configuration before SN activation, parts of RRC message processing time can be saved.
Observation 2: By 2 step configuration and activation method, the delay of SN change will be saved on X2 and air interface.

Proposal: The 2 step configuration and activation method based on pre-configured target SN should be studied in the scope of this WI.
3 Conclusion

In this contribution, we discuss on how to reduce the latency of SN change, and list the solution and corresponding stage 2 procedure, and have the following observations and proposals:

Observation 1: For EN-DC, the total delay of SN change is 32ms + 22ms + 8.5ms, and more than half of this total delay comes from the delay on X2.
Observation 2: By 2 step configuration and activation method, the delay of SN change will be saved on X2 and air interface.

Proposal: The 2 step configuration and activation method based on pre-configured target SN should be studied in the scope of this WI.
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