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1. Introduction
In the last meeting, several papers proposed UL path change, NW based change [1] and UE based change [2]. This paper explains the details of UE based change.

2. Discussion
2.1. Justification of UE based UL path change

As addressed in [1][2], since the radio quality of mmW changes much dynamically and RRC signalling would be too slow to change the UL path in UE. Also, since such RRC signalling is transferred using LTE resources, the increased signalling would impact in LTE system performance. Similarly, RAN3 agreed to support fast DL retransmission in CU-DU scenario, e.g. where UE is connected to 2 DUs which belongs to the same CU [3][4]. When one DU detects outage, CU may trigger retransmission of the DL PDCP PDUs which were to be transferred by such DU and transfer them to the other DU. Moreover, since such mechanism could be utilised in LTE-NR DC, it is being proposed to LTE-NR DC [5][6]. Therefore, we think that the necessity of fast retransmission in UL should be justified also. 
Observation1: The necessity of fast retransmission in UL should be justified.
Regarding NW based or UE based, [1] explains that the main reason to select the NW based solution is that NW knows more about the suitable UL path than UE since it would be determined by the radio condition and system load of each path. On the other hand, we think NW based solution has several drawbacks compared with UE based solution. For example, the MAC CE proposed in [1] needs to be introduced in LTE on top of NR because NR may be blocked entirely and eNB should transmit MAC CE instead. Furthermore, the some additional mechanism is needed in LTE to detect the degradation of NR radio condition. However, we think that such should be avoided since it would impact LTE specification and the signalling reduction in LTE would be anyway limited. In contrast, UE based solution can avoid such situation, e.g. by introducing PDCP retransmission triggered by the UE itself since RAN2 agreed to use NR-PDCP for split bearers in LTE-NR DC and hence could be generic mechanism while avoiding LTE impact and increased signalling in LTE. 
Observation2: NW based solution results in LTE impact while the signalling reduction in LTE is limited. 
Therefore, the UE based solution should be desirable. 
Observation3: UE based solution is preferable since it is generic avoiding LTE impact.
2.2. How to realize UE based UL path change

Since only the high-level proposal was stated in [2], we would like to explain the details of UE based UL path change. Firstly, we should address its modelling, i.e. what “UL path change” means here. For example, since the PDCP data recovery and prioritized CG concept as in LTE DC are introduced in NR-PDCP, there could be understanding that “UL path change” means to change perform PDCP data recovery or change the prioritized CG. We assume that fast retransmission should not be visible to RRC to avoid RRC level ping-pong when the degradation of mmW cell is temporary (e.g., a few hundreds of milli-second). Therefore, fast retransmission should be done in PDCP. It is noted that the UL direction change in RRC level is anyway needed when UE is entirely out of coverage (i.e. S-RLF).
Observation4: Fast retransmission should not be visible to RRC (i.e. should not be prioritized CG change or PDCP data recovery).
Regarding fast retransmission in PDCP, we think that following should be satisfied:

- PDCP should not perform too fast retransmission to avoid the duplicated transmission in both CGs.

- PDCP should not perform too slow retransmission to avoid expiry of the reordering timer in NW side.
Thus, we assume to use the PDCP retransmission timer which is maintained per PDCP PDU. Specifically, the timer counts the period from the timing when the corresponding PDU is submitted to the timing when the retransmission is triggered for it. The length of the timer is set such that the retransmitted PDCP PDU could fall within the PDCP reordering window in NW side. So, the assumed behaviour is 
1) RRC configures PDCP with retransmission timer in case of LTE-NR DC.

2) When a PDCP PDU is submitted to lower layer, PDCP retransmission timer starts.
3a) When the acknowledgment is confirmed for the PDCP PDU from lower layer, the corresponding PDCP retransmission timer is stopped, if running.

3b) When PDCP retransmission expires, the corresponding PDCP PDU is to be submitted to the other leg. 
It is noted that the transmission for PDCP PDU in old CG would be continued since the transmission in RLC could not be cancel by means other than RRC signalling (PDCP re-establishment or PDCP data recovery). However, if RAN2 allows pre-processing, i.e. PDCP PDU submission before UL grant reception, they could be cancelled unless it is transmitted in the air. 
Proposal: Introduce PDCP retransmission timer in NR-PDCP for EN-DC for RLC-AM with following principle:

- When a PDCP PDU is submitted to lower layer, PDCP retransmission timer starts.

- When the acknowledgment is confirmed for the PDCP PDU from lower layer, the corresponding PDCP retransmission timer is stopped, if running.

- When PDCP retransmission expires, the corresponding PDCP PDU is to be submitted to the other leg. 

The corresponding text proposal is provided in Annex based on [7]. 
3. Summary and Conclusion

In this paper, we address the UL path change and followings are observed and proposed:
Observation1: The necessity of fast retransmission in UL should be justified.

Observation2: NW based solution results in LTE impact while the signalling reduction in LTE is limited.
Observation3: UE based solution is preferable since it is generic avoiding LTE impact.
Observation4: Fast retransmission should not be visible to RRC (i.e. should not be prioritized CG change or PDCP data recovery).
Proposal: Introduce PDCP retransmission timer in NR-PDCP for EN-DC for RLC-AM with following principle:

- When a PDCP PDU is submitted to lower layer, PDCP retransmission timer starts.

- When the acknowledgment is confirmed for the PDCP PDU from lower layer, the corresponding PDCP retransmission timer is stopped, if running.

- When PDCP retransmission expires, the corresponding PDCP PDU is to be submitted to the other leg. 
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5. Annex: TP to 38.323
	5.1.2
PDCP entity re-establishment

When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this section. After performing the procedures in this section, the UE shall follow the procedures in subclause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-
for UM DRBs and AM DRBs, reset the header compression protocol for uplink and start with an IR state in U-mode [8] [9] if drb-ContinueROHC is not configured [3];
-
for UM DRBs and SRBs, set TX_NEXT to the initial value;
-
for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-
apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-
apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-
for UM DRBs, for each PDCP SDU already associated with a PDCP SN but for which a corresponding PDU has not previously been submitted to lower layers:
-
consider the PDCP SDUs as received from upper layer;
-
perform transmission of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP re-establishment without restarting the discardTimer.
-
for AM DRBs, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, stop retransmissionTimer (if running) and perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment as specified below: 
-
perform header compression of the PDCP SDU as specified in the subclause 5.7.4;
-
perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.9 and 5.8;

-
submit the resulting PDCP Data PDU to lower layer.
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:

-
for SRBs, discard all stored PDCP SDUs and PDCP PDUs
-
for UM DRBs, if t-Reordering is running:

- 
stop and reset t-Reordering;

-
deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;
-
for UM DRBs and AM DRBs, reset the header compression protocol for downlink and start with NC state in U-mode [8] [9] if drb-ContinueROHC is not configured [3];

-
for UM DRBs and SRBs, set RX_NEXT and RX_DELIV to the initial value;
-
apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;

-
apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure.
5.2.1
Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:

-
start the discardTimer associated with this PDCP SDU (if configured);

For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:
-
associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;

NOTE:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.

-
perform header compression of the PDCP SDU as specified in the subclause 5.7.4;

-
perform integrity protection, and ciphering using the TX_NEXT as specified in the subclause 5.9 and 5.8, respectively;

-
set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-Size];
-
increment TX_NEXT by one;

-
submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP Data PDU to lower layer, the transmitting PDCP entity shall:

-
if the transmitting PDCP entity is associated with one RLC entity:

-
submit the PDCP Data PDU to the associated RLC entity;

-
else, if the transmitting PDCP entity is associated with two RLC entities:

-
if pdcpDuplication is configured and activated:
-
duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;

-
else, if pdcpDuplication is configured but not activated:
-
submit the PDCP Data PDU to the configured RLC entity;

-
else:
-
if the PDCP data volume is less than ul-DataSplitThreshold:
-
submit the PDCP Data PDU to the configured RLC entity;

-
else:

-
submit the PDCP Data PDU to one of the associated RLC entity.
-
if there is RLC entity to which the PDCP PDU is not submitted yet;
-
start the retransmissonTimer associated with this PDCP PDU (if configured).
When receiving an acknowledgement for PDCP PDU from the lower layer, the transmitting PDCP entity shall stop the retransmissonTimer associated to the PDCP PDU. 
When retransmissionTimer expires, the receiving PDCP entity shall:

-
submit the PDCP PDU to the RLC entity to which the PDCP PDU has not been submitted. 
5.5
Data recovery

For AM DRBs, when upper layers request a PDCP data recovery for a radio bearer, the transmitting PDCP entity shall:
-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), transmit a PDCP status report as described in subclause 5.4.1;
-
stop retransmissionTimer (if running) and perform retransmission of all the PDCP Data PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP Data PDU for which the successful delivery has not been confirmed by lower layers.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in subclause 5.2.1.
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