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1.  Introduction
Small cell discussions have been taking place in RAN2 [1]. There have been remaining two issues of PDCP reordering handling and PDCP SR in the SeNB addition/release/change procedures. The relevant agreements are described in the box below. This contribution looks at these issues and shows our views.
	Agreements on PDCP reordering (RAN2#85 meeting)
3
PDCP reordering after SeNB release is FFS.

4
PDCP reordering may only be configured for split bearers.
Agreements on PDCP status report (RAN2#85 meeting)

2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.
FFS for other cases such as mobility/SeNB change/reconfiguration.


2. Discussions
2.1. SeNB addition
When the PDCP reordering is performed should be decided. There are two options.

· The first option is that the DC-capable UE always activates the re-ordering function.

· The second option is that the DC-capable UE is configured with re-ordering function when the split-bearer is configured (i.e. 3C).
Among these two options, the second option is better than the first option because of reducing the additional processing of PDCP reordering when not necessarily.
Proposal 1: PDCP re-ordering function is only configured when the split bearer is configured.
2.2. SeNB release/ change
2.2.1. Scenarios
The PDCP reordering after SeNB release/ change is highly depending on what the desirable network behaviour would be. Four scenarios and corresponding data handling method are depicted in Table 1. Specifically, the scenarios are based on the following combinations.

· Whether or not PDCP PDUs are still stored in the MeNB after those are transmitted to the SeNB.

· Whether or not retransmissions of PDCP PDUs (like in the current LTE handover) is performed.

Here, we assume that PDCP PDUs with odd SNs are sent by the MeNB and PDCP SN with even SNs are sent by the SeNB.
Table 1: Scenarios and data handling after SeNB release/ change
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	MeNB buffering: In the split bearer, PDCP PDUs are not kept in the MeNB buffers.
Forwarding: The PDCP PDUs sent to the SeNB is reverted back to the MeNB when the SeNB release occurs. For SN=n+2, ACK=>NACK error happens, resulting in the data forwarding.
SeNB ARQ/ HARQ: During the data forwarding, the residual data in RLC/ MAC layer in the SeNB can be still sent to the UE.
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	MeNB buffering: In the split bearer, PDCP PDUs are not kept in the MeNB buffers.
Forwarding: The PDCP PDUs sent to the SeNB is not reverted back to the MeNB

SeNB ARQ HARQ: Instead of data forwarding, all data are sent to the UE. For SN=n+2, ACK=>NACK error happens, resulting in the ARQ/ HARQ.

	#3
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	MeNB buffering: In the split bearer, PDCP PDUs are kept in the MeNB buffers. The PDCP PDUs which have not successfully been sent to UE is retransmitted to the UE
SeNB ARQ/ HARQ: The residual data in RLC/ MAC layer in the SeNB can be still sent to the UE. In addition, the MeNB and the SeNB is exchanging the PDCP SN status but the MeNB may not be able to detect the exact PDCP SN status of the SeNB due to the X2 latency.
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	MeNB buffering: In the split bearer, PDCP PDUs are kept in the MeNB buffers. The PDCP PDUs which have not successfully been sent to UE is not retransmitted to the UE because of e.g. scheduling decision or those PDCP PDUs are already discarded by the expiry of the discard timer. 

SeNB ARQ/ HARQ: The same with #3.


2.2.2. PDCP handling
How to handle PDCP reordering in the above scenarios?
· For scenarios#1 - #3, the data transmission and ARQ/ HARQ in the SeNB can be still performed. During the time, the UE can receive data from the MeNB and the SeNB, which may still cause the out-of-order reception of PDCP PDUs in the UE. So the UE should continue to perform the PDCP reordering until when the SCG configuration is cleared in the UE.
· For scenario#4, the data stored in the MeNB is not sent to the UE, which doesn’t cause any out-of-order reception of PDCP PDUs in the UE. To reduce latency by the wasteful waiting for the reception of “non-transmitted PDCP PDUs” in the PDCP reordering, immediate aborting the PDCP reordering should be considered. RRC signalling (i.e. RRCConnectionReconfiguration for the SeNB release) can be used for the purpose. The reordering should be stopped with the SCG configurations (including PDCP reordering function) in the UE is cleared.
How to avoid duplicate transmission of PDCP PDUs in the above scenarios?
· For scenarios#1 - #3, the data transmission of e.g. PDCP SN = n+2 is duplicated over the air interface. As in the current handover, PDCP status report from the UE to the MeNB can be optionally enabled as in the current PDCP SR. The existing PDU format can be reused, so that there is little specification impact.
· For scenario#4, the data stored in the MeNB is not sent to the UE, which doesn’t cause any duplicate transmissions of PDCP PDUs. The PDCP SR can be disabled as in the current PDCP SR.
The above desirable PDCP handling during SeNB release/ change is summarised in Tab.2.
Table 2: The usage of the PDCP reordering indicator
	#1
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	PDCP reordering
The MeNB sends the “reorderingRequired = on” in the RRC connection reconfiguration. Based on the indication, the UE continues to perform the PDCP reordering.
PDCP status reporting
The MeNB sends the “statusReportRequired = on” in the RRC connection reconfiguration. Based on the indication, the UE reports the PDCP SN status to the MeNB by which the duplicate transmissions can be avoided.
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	PDCP reordering
The same with #1
PDCP status reporting
The same with #1

	#3
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	PDCP reordering
The same with #1
PDCP status reporting
The same with #1

	#4
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	PDCP reordering
The MeNB sends the “reorderingRequired = off” in the RRC connection reconfiguration. Based on the indication, the UE should stop performing the PDCP reordering.
PDCP status reporting
The MeNB sends the “statusReportRequired = off” in the RRC connection reconfiguration. Based on the indication, the UE stop reporting the PDCP SN status to the MeNB.


The proposal is summarised below.

Proposal 2: PDCP reordering indicator in RRC Connection Reconfiguration for reducing the reordering latency in the SeNB release/ change should be optionally supported.
Proposal 3: PDCP status report indicator in RRC Connection Reconfiguration for avoiding duplicated transmissions in the SeNB release/ change should be optionally supported.
Any other aspect?
In the LTE handover procedure, the forwarded PDCP PDUs from the SeNB to the TeNB over X2 is prioritised for the data transmission over the S1 data. Likewise, the reverting data from the SeNB to the MeNB in Scenario#1 should be taken the transmission priority over S1 data.
Proposal 4: Forwarded PDCP PDUs from the SeNB to the MeNB after the SeNB change/ release should be taken the transmission priority over S1 data
3. Conclusion

RAN2 is respectfully asked to adopt the following proposals in SeNB addition/ release/ change.
Proposal 1: PDCP re-ordering function is only configured when the split bearer is configured.

Proposal 2: PDCP reordering indicator in RRC Connection Reconfiguration for reducing the reordering latency in the SeNB release/ change should be optionally supported.
Proposal 3: PDCP status report indicator in RRC Connection Reconfiguration for avoiding duplicated transmissions in the SeNB release/ change should be optionally supported.
Proposal 4: Forwarded PDCP PDUs from the SeNB to the MeNB after the SeNB release/ change should be taken the transmission priority over S1 data.
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