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1．Introduction
In RAN3 #95, there is conclusion [1]:
----------------------------------------------------------------------------------------------
There shall be normative work for a single higher layer split option, i.e. Stage 2 and Stage3. In the meantime, if other decisions cannot be made, RAN3 recommends to progress on Option 2 for high layer RAN architecture split. The contributions to the April meeting with regards to option2 against option 3-1 should be limited to address the fast centralized retransmission of lost RLC PDUs.
----------------------------------------------------------------------------------------------
In this paper, we provide our analysis on the performance of lost RLC PDUs recovery for both option2 and option3-1 in the intra-CU inter-DU handover procedure.
2． Discussion
In last RAN3 meeting, option 2 was recommended for the high layer RAN architecture split. However, comparing with option 3-1, one newly raised issue is whether option 2 can support the fast retransmission of lost PDCP PDUs during the intra-CU inter-DU handover procedure. To be specific, in the downlink transmission, when UE moves from Source DU to the Target DU, the data buffered in Source DU will be lost. For Option 3-1, UE could trigger a RLC status report to inform CU which RLC PDUs are lost. Since the ARQ is located in CU, those lost RLC PDUs could be retransmitted to UE via Target DU. But for Option 2, this issue needs further discussion. In the following, we will provide our analysis on the detail lost PDCP (RLC) PDUs retransmission solutions for Option 2 and Option 3-1.
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Fig. 1: Intra-CU inter-DU handover scenario.
Intra-CU inter-DU handover procedure for Option 2
The solutions for Option 2 are mainly based on the PDCP recovery. Typically, the PDCP recovery is triggered due to the bear type change and SeNB change in LTE DC. Thanks to the similar architecture within LTE DC, from the standardization point of view, lots of the signalling procedure can be reused in the Intra-CU Inter-DU handover scenario, including this PDCP recovery. The detailed description for the PDCP recovery are captured in TS36.323[2] as follows:
5.9
 PDCP Data Recovery procedure
When upper layers request a PDCP Data Recovery for a radio bearer, the UE shall:
-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report as described in subclause 5.3.1, and submit it to lower layers as the first PDCP PDU for the transmission;
-
perform retransmission of all the PDCP PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers.
a) Solution 1 for Option2
In this solution, after the handover procedure is completed, the UE could trigger a PDCP status report to CU via target DU, which has been supported as PDCP data recovery. By decoding the PDCP status report, CU retransmit the lost PDCP PDUs to UE via target DU. As shown in Fig.2, the bi-directional fronthaul delay will be suffered for the retransmission in this procedure.
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Fig. 2: Solution 1 for lost PDCP PDUs retransmission procedure in Option 2.
b) Solution 2 for Option2
The key point for this solution is to allow the target DU to buffer a copy of the PDCP PDUs in advance which are transmitting via source DU during the handover procedure. As shown in Fig.3, after the handover procedure is completed, UE triggers a PDCP status report to CU via target DU immediately in order to notify the lost PDCP PDUs. By decoding the PDCP status report, CU sends an indicator for the SN of the lost PDCP PDUs to target DU. Based on this indicator, target DU will retransmit the lost PDUs which has already been buffered in target DU. Similar as Solution 1, the bi-directional fronthaul delay will also be suffered for the retransmission in this procedure.
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Fig. 3: Solution2 for lost PDCP PDUs retransmission procedure in Option 2.
c) Solution 3 for Option2
This solution is an implementation based optimization. Similar as Solution 2, the target DU could buffer a copy of the PDCP PDUs in advance which are transmitting via source DU during the handover procedure. After the handover procedure is completed, UE triggers a PDCP status report to target DU. From the implementation prespective, target DU could be able to derive the SN of the lost PDCP PDUs based on the PDCP status report. Then target DU will retransmit the lost PDUs which has already been buffered in target DU directly and the bi-directional fronthaul delay can be avoided. 
This solution even further reduces the latency time of lost RLC PDUs recovery.
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Fig. 4: Solution 3 for lost PDCP PDUs retransmission procedure in Option 2.
Observation 1: After the handover procedure is completed, UE triggers a PDCP status report to target DU. From the implementation perspective, target DU could be able to derive the SN of the lost PDCP PDUs based on the PDCP status report. Then target DU will retransmit the lost PDUs which has already been buffered in target DU. Thus the fast retransmission for Option 2 is guaranteed.
Intra-CU inter-DU handover procedure for Option 3-1
a) Solution 1 for Option3-1
In this solution, the RLC status report is triggered by RLC status report polling. The polling period delay and the fronthaul delay will be suffered before the RLC status report is triggered. This solution will lead to additional delay for the lost RLC PDU retransmission.
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Fig. 5: Solution 1 for lost RLC PDUs retransmission procedure in Option 3.
b) Solution 2 for Option3-1
In this solution, the RLC status report is triggered by reordering timer expires due to the lost RLC PDU. The reordering timer delay and the fronthaul delay will be suffered before the RLC status report is triggered. This solution will also lead to additional delay for the lost RLC PDU retransmission.
By comparing the procedures as shown in Fig.5 and Fig.6, we know that the lost RLC PDUs retransmission relies on the RLC status report. Because the RLC status report could be triggered either by the RLC status report polling, or the detection of the reception failure for a RLC PDU when the reordering timer expires, such behaviour will lead to additional delay compared with Option2. 
Observation 2: In option 3-1, the lost RLC PDUs retransmission relies on the RLC status report from UE. Because the RLC status report could be triggered either by the RLC status report polling, or the detection of the reception failure for a RLC PDU when the reordering timer expires, such behaviour will lead to additional delay compared with Option2.
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Fig. 6: Solution 2 for lost RLC PDUs retransmission procedure in Option3.
Comparison of the handover delay and impact on the protocol
The following table summarizes the delay for the lost data PDUs retransmission for the above mentioned solutions for both Option2 and Option3-1. As shown in Table 1, the delay performance of the retransmission procedure for Option 2 is better than that in Option 3-1.  In Option 2, if adopting the Solution 3 as the retransmission procedure, the retransmission delay can be reduced significantly. Besides, the signalling procedure could also be further simplified.
Table 1: Summary of lost PDU retransmission delay for both Option 2 and Option 3-1.
	
	Fronthaul delay
Estimate [ms]
	Timer expires caused delay
Estimate [ms]
	Polling period caused delay
Estimate [s]

	Option 2
	Solution1
	2 messages transmission
	0
	0

	
	Solution2
	2 messages transmission
	0
	0

	
	Solution3
	0
	0
	0

	Option 3-1
	Solution1
	3 messages transmission
	0
	Y

	
	Solution2
	2 messages transmission
	Y
	0


Observation 3: The delay performance of the retransmission procedure for Option 2 is better than that in Option 3-1 as shown in Table1.  In Option 2, if adopting the Solution 3 as the retransmission procedure, the retransmission delay can be reduced significantly. Besides, the signalling procedure could also be further simplified.
Based on the above analysis, since Option2 can satisfy the requirement on fast centralized retransmission of lost RLC PDUs in the case of inter-DU intra-CU handover and with less retransmission delay, we propose: 
Proposal: In the inter-DU intra-CU case, based on the above observations and analysis, Option 2 can satisfy the requirement on fast centralized retransmission of lost RLC PDUs with less latency compared with Option3-1. Therefore, Option2 is proposed to be selected as the HLS solution for CU-DU function split.
3． Conclusion
RAN3 is kindly asked to discuss and adopt the following observations and proposals:

Observation 1: After the handover procedure is completed, UE triggers a PDCP status report to target DU. From the implementation perspective, target DU could be able to derive the SN of the lost PDCP PDUs based on the PDCP status report. Then target DU will retransmit the lost PDUs which has already been buffered in target DU. Thus the fast retransmission for Option 2 is guaranteed.
Observation 2: In option 3-1, the lost RLC PDUs retransmission relies on the RLC status report from UE. Because the RLC status report could be triggered either by the RLC status report polling, or the detection of the reception failure for a RLC PDU when the reordering timer expires, such behaviour will lead to additional delay compared with Option2.
Observation 3: The delay performance of the retransmission procedure for Option 2 is better than that in Option 3-1 as shown in Table1.  In Option 2, if adopting the Solution 3 as the retransmission procedure, the retransmission delay can be reduced significantly. Besides, the signalling procedure could also be further simplified.
Proposal: In the inter-DU intra-CU case, based on the above observations and analysis, Option 2 can satisfy the requirement on fast centralized retransmission of lost RLC PDUs with less latency compared with Option3-1. Therefore, Option2 is proposed to be selected as the HLS solution for CU-DU function split.
4． References
[1] Report of 3GPP TSG RAN WG3 meeting #95. 
[2] TS 36.323.
3GPP


_1551876605.vsd
�

Source DU


CU


Target DU


UE


UE Context Release


Switch from Source DU 
To Target DU


  DU Handover Preparation


PDCP status report
（fronthaul delay）


Retransmit lost PDCP PDUs（fronthaul delay）


RRC Reconfiguration


RRC Reconfiguration Complete


PDCP status report
(trigger by PDCP recovery)


 New PDCP PDUs


Retransmit lost PDCP PDUs




_1551876607.vsd
�

Source DU


CU


Target
DU 


UE


PDCP PDUs SN(Xn.Xm)


Buffer PDCP PDUs from CU


Switch from Source DU 
to Target DU


  DU Handover Preparation


PDCP PDUs SN(Xn.Xm)


RRC Reconfiguration


RRC Reconfiguration Complete


PDCP status report
(triggered by PDCP recovery)


 New PDCP PDUs


Retransmit lost PDCP PDUs



UE context release



_1551876608.vsd
�

Source DU


CU


UE


RRC  Reconfiguration


Target
DU 


RRC Reconfiguration Complete


Retransmit lost RLC PDUs
(fronthaul delay)


Switch from Source DU
to Target DU


  DU Handover Preparation


RLC Status Report
(fronthaul delay)


Transmit new RLC PDUs


RLC Status Report Polling
(fronthaul delay)


RLC Status Report Polling


RLC Status Report



Waiting for RLC Status Report Polling  
(Polling delay)


Retransmit lost RLC PDUs



UE Context Release



_1551876609.vsd
�

Source DU


CU


UE


RRC  Reconfiguration


Target
DU 


RRC Reconfiguration Complete


Retransmit lost RLC PDUs
(fronthaul delay)


Switch from Source DU
to Target DU


  DU Handover Preparation


RLC Status Report
(fronthaul delay)


Transmit new RLC PDUs


UE context release


Detection of reception failture (e.g. SN gap)
(t-Reordering expires delay) 


RLC Status Report



Retransmit lost RLC PDUs




_1551876606.vsd
�

Source DU


CU


Target
DU 


UE


PDCP PDUs SN(Xn.Xm)


Buffer PDCP PDUs from CU


Switch from Source DU 
to Target DU


  DU Handover Preparation


PDCP PDUs SN(Xn.Xm)


RRC Reconfiguration


RRC Reconfiguration Complete


PDCP status report
(triggered by PDCP recovery)


 New PDCP PDUs


Retransmit lost PDCP PDUs



PDCP status report
(fronthaul delay)


Lost PDCP PDU indicator
(fronthaul delay)


UE context release



_1551876604.vsd
CU


Source DU


Target
DU


UE



