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1 Introduction
In RAN2#99, the procedure for UM DRB during PDCP re-establishment has been agreed, and t-Reordering timer needs to stop and reset: 
	-
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;


However, there is no further agreement about the operation of t-Reordering timer for SRB and AM DRBs. In this contribution, we discuss the operation of t-Reordering for SRB and AM DRBs during re-establishment.
2 Discussion
2.1 Review of t-Reordering at re-establishment in LTE and the motivation for discussion in NR
In LTE, reordering function with t-reordering is applicable for the case of DC in R-12. In the case of split bearer, the reordering function is applicable in the PDCP entity due to the imbalanced transmission between the two legs. There are two possible scenarios:

First, when there is a bearer type change from MCG split bearer to MCG bearer without MeNB handover, PDCP entity perform PDCP data recovery. However, the t-reordering timer shall keep running, until the next PDCP re-establishment.  The PDCP reordering timer will stop and reset as shown in 5.2.2.1a in 36.323 below, when only one RLC entity is associated with PDCP after re-establishment. 
Second, when there is a bearer type change from MCG split bearer to MCG bearer with MeNB handover, there will be a PDCP re-establishment. The behaviour of the t-reordering timer shall stop and reset. This is also captured in the text below in 5.2.2.1a in 36.323
	5.2.2.1a
Procedures for DRBs mapped on RLC AM while the reordering function is used

When upper layers request a PDCP re-establishment while the reordering function is used, the UE shall:

-
process the PDCP Data PDU(s) that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.4;

-
if the PDCP entity is to be associated with one AM RLC entity after PDCP re-establishment:

-
stop and reset t-Reordering;
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.


Based on the above discussion for the two possible cases in DC, after PDCP re-establishment, the t-reordering timer shall not be used and will no longer be triggered afterwards. 
In the previous RAN2 meeting, it was agreed that the reordering functionality shall be moved to the PDCP layer; Moreover, a unified reception algorithm shall be applied for all types of bearers, instead of different algorithms for different types of bearers as in LTE.

Therefore, different from above scenarios in LTE DC, NR PDCP always reorders packets and delivers packets to upper layer in sequence, i.e., before and after PDCP re-establishment. PDCP always uses the reordering function. Therefore, PDCP re-establishment is a new scenario for the operation of t-Reordering timer in NR.
In the following section, we will discuss the operation of t-Reordering timer for SRBs and AM DRBs during re-establishment.

2.2 Operation of t-Reordering for SRBs and AM DRBs when re-establishment 
For SRBs, if t-Reordering expires during re-establishment, since PDCP has already discarded all the stored SDUs and PDUs, it is acceptable that there is no operations on t-Reordering for SRBs. 
However, for AM DRBs, if t-Reordering expires during PDCP re-establishment in handover, the movement of receive window will directly result in packet loss during handover, which will contradict with the agreement to support loss-less handover for AM DRB in RAN2#97. 
An example is shown in the figure below, where a UE switches from SgNB to TgNB. Before handover dna re-establishment, the receive packet COUNT is in the sequence of 0, 6, 4, RX_DELIV = 1 and RX_NEXT=7. When receiving packet 6, t-Reordering is triggered. So RX_REORDE=7. 
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In the following, we show the time sequence of the procedure. At T1, packet 6 arrives and triggers t-Reordering. Before T2, packet 4 arrives and at T2, PDCP begins handover and re-establishment. However, t-Reordering expires at T4 before the finish of re-establishment. This means when finishing re-establishment at T3, packet 4 and packet 6 are submitted to the upper layer and PDCP’s RX_DELIV shall move to RX_NEXT=7 due to t-Reordering expiration. Packet 1,2,3,5 will be lost.
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Observation 1: For AM DRBs in NR, if t-Reordering expires during re-establishment, the movement of receive window will directly result in packet loss during handover, which means that loss-less handover cannot be guaranteed. 
To avoid t-Reordering expiration during re-establishment, one potential solution is to stop and reset t-Reordering during re-establishment:

Proposal 1: Same as UM DRBs, when PDCP re-establishes for AM DRBs and SRBs, t-Reordering shall stop and reset, if it is running.

However, there are still some issues for this handling in the case of AM DRB, which may contradict with the definition of variables and also result in packet loss. In the next section, we will give a detailed explanation on this. 

2.3 Issues for AM DRBs during re-establishment 
The definition of RX_NEXT is shown in [1] as follows. 

	a)
RX_NEXT

This state variable indicates the COUNT value of the next PDCP SDU expected to be received. The initial value is 0.


According to current specification for AM DRB during re-establishment, the value of RX_NEXT shall be maintained before and after. However, after PDCP re-establishment in handover, the next PDCP SDU expected to be received from the TgNB cannot be indicated by the value of RX_NEXT before re-establishment. This is because the next PDCP SDU expected to be received should be the first SDU transmitted by the TgNB, which is the first missing SDU. 

Observation 2: After PDCP re-establishment for AM DRBs, if RX_NEXT maintains the value before re-establishment, it may be contradictory to the definition of RX_NEXT.     

Besides, RX_NEXT maintained as before re-establishment may also cause packet loss problem. According to the operation of t-Reordering timer, it is influenced by RX_NEXT, which is shown as follows.

	-
if t-Reordering is running, and if RX_DELIV >= RX_REORD:
-
stop and reset t-Reordering;

-
if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and RX_DELIV < RX_NEXT:
-
update RX_REORD to RX_NEXT;

      -  start t-Reordering. 


According to the PDCP receive operation, if t-Reordering is running before re-establishment and stop and reset during re-establishment, t-Reordering starts when receiving the first SDU after re-establishment unless the first packet is the only un-received packet before RX_REORD. As usual, t-Reordering starts when out-of-order packet arrives judging by RX_DELIV < RX_NEXT, i.e., t-Reordering is used to wait for the packets which have been sent out. However, after re-establishment, t-Reordering may start early, i.e., start when receiving the first packet which may not be out-of-order. This forces the TgNB to schedule the UE during t-Reordering period and may result in the packet loss after handover due to t-Reordering timer expiration. The packet loss cannot be avoid by implementation, since the TgNB may not definitely know the COUNT of received SDUs in UE side and cannot schedule these un-received SDUs before timer expiration. 
We take another example as above, before PDCP re-establishment, t-Reordering is running with RX_DELIV = 1, RX_NEXT=7 and RX_REORDE=7. Then during re-establishment, t-Reordering stops and resets. After PDCP re-establishment, the first received SDU is with COUNT=1, i.e., RCVD_COUNT=1. Due to RX_DELIV = 2 < RX_NEXT=7, t-Reordering is triggered and RX_REORD=7. However, packet 2,3,5 may have not been sent out from the Target gNB and t-Reordering begins waiting for the three packets. If the target gNB cannot deliver the three packets successfully before t-Reordering expiration, packets will be lost. Such as in following figure, the packet 5 is lost after handover due to t-Reordering expiration.

[image: image3.emf]0

1

2

6

3

4

5

0

1

2

6

3

4

5

0

1

2

6

3

4

5

Re-establishment

Stop and reset

running t-Reordering period

0

1

2

6

3

4

5

t-Reordering timer start when packet 1 arrives.

RX_REORD=7

RX_NEXT=7

RX_DELIV=2

t-Reordering period

0

1

2

6

3

4

5

0

1

2

6

3

4

5

0

1

2

6

3

4

5

Received packet from Source gNB

Received packet from Target gNB

5 is lost 

due to 

timer 

expriation 

running

Packet not received 

RX_NEXT=1

RX_DELIV=1

RX_REORD=7

RX_NEXT=1

RX_DELIV=1

RX_REORD=7

RX_NEXT=1

RX_DELIV=1

RX_REORD=7

RX_NEXT=7

RX_DELIV=2


Observation 3: After PDCP re-establishment for AM DRBs, RX_NEXT keeping the value before re-establishment results in unusual behaviour of t-Reordering, which may result in packet loss.
If during PDCP re-establishment, for AM DRBs, set RX_NEXT to the value indicated the next SDU expected to be received, i.e., the first missing SDU count value RX_DELIV, t-reordering works well for detecting the out-of-order packet. 

For example, in the above case, if first packet is packet 1, due to RX_NEXT = RX_DELIV =2, t-Reordering will not be triggered. When packet 3 arrives, the updating of variables shows as follows and t-Reordering will be triggered. 
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Motivated by the above reasons, during PDCP re-establishment, RX_NEXT should be set to the value corresponding its physical meaning. 
Proposal 2: For AM DRBs, when PDCP re-establishes, set RX_NEXT to RX_DELIV.
In this way, t-Reordering can work as usual to detect packet loss. However, there are two remaining problems. 

· Updating of RX_NEXT should be unified with its definition.

· Bitmap compiling is influenced by RX_NEXT. 

For the updating of RX_NEXT, since set RX_NEXT to RX_DELIV during re-establishment, some packets in buffer have larger COUNT value than RX_NEXT. According to recent updating method, RX_NEXT is always updated to RCVD_COUNT+1, where the packet with RCVD_COUNT+1 may have already been received and should not be expected. For example, receive packet 3 in the above figure, and RX_NEXT will update to RCVD_COUNT+1=4, where packet 4 is not the next SDU expected to be received. Therefore, considering the packets already received, we have:  
Proposal 3: RX_NEXT should update to the COUNT value of first PDCP SDU which has not been received with COUNT value > RCVD_COUNT. 

For bitmap compiling, compiling the bitmap of the PDCP status report needs RX_NEXT>RX_DELIVE. Therefore, when the PDCP status report is triggered by re-establishment, it needs to be complied used RX_NEXT before re-establishment.  
Proposal 4: Compile PDCP status report prior to the PDCP entity re-establishment, if PDCP status report is configured.

3 Conclusion
Observation 1: 
For AM DRBs in NR, if t-Reordering expires during re-establishment, the movement of receive window will directly result in packet loss during handover, which means that loss-less handover cannot be guaranteed. 
Observation 2: 
After PDCP re-establishment for AM DRBs, if RX_NEXT maintains the value before re-establishment, it may be contradictory to the definition of RX_NEXT.     

Observation 3: 
After PDCP re-establishment for AM DRBs, RX_NEXT keeping the value before re-establishment results in unusual behaviour of t-Reordering, which may result in packet loss.
Proposal 1: 
Same as UM DRBs, when PDCP re-establishes for AM DRBs and SRBs, t-Reordering shall stop and reset, if it is running.
Proposal 2: 
For AM DRBs, when PDCP re-establishes, set RX_NEXT to RX_DELIV. 
Proposal 3: 
RX_NEXT should update to the COUNT value of first PDCP SDU which has not been received with COUNT value > RCVD_COUNT. 
Proposal 4: 
Compile PDCP status report prior to the PDCP entity re-establishment, if PDCP status report is configured and triggered.
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5 TP
	5.1.2
PDCP entity re-establishment

…
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:

-
process the PDCP Data PDUs that are received from LTE lower layers due to the re-establishment of the LTE lower layers, as specified in the subclause 5.2.2.1;

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

- 
stop and reset t-Reordering;
-
for UM DRBs, deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;

-    for AM DRBs, perform header decompression for all stored PDCP SDUs if drb-ContinueROHC is not configured [3]; 

-
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;
-  for AM DRBs, set RX_NEXT = RX_DELIV;
-
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.



	5.2.2.1
Actions when a PDCP Data PDU is received from lower layers
…
If the received PDCP Data PDU with COUNT value = RCVD_COUNT is not discarded above, the receiving PDCP entity shall:
-
store the resulting PDCP SDU in the reception buffer;
-
if RCVD_COUNT >= RX_NEXT:

-
update RX_NEXT to the COUNT value of first PDCP SDU which has not been received with COUNT value > RCVD_COUNT; 


	5.4.1
Transmit operation
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), the receiving PDCP entity shall trigger a PDCP status report when:

-
upper layer requests a PDCP entity re-establishment;

-
upper layer requests a PDCP data recovery;

If a PDCP status report is triggered, the receiving PDCP entity shall:

-
compile a PDCP status report as indicated below by:

-
setting the FMC field to RX_DELIV;

-
if RX_DELIV < RX_NEXT prior to the PDCP entity re-establishment if triggered by re-establishment; or 

-  if RX_DELIV < RX_NEXT if triggered by data recovery:
-
allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8, or up to and including a PDCP SDU for which the resulting PDCP Control PDU size is equal to 9000 bytes, whichever comes first;

-
setting in the bitmap field as ‘0’ for all PDCP SDUs that have not been received, and optionally PDCP SDUs for which decompression have failed;

-
setting in the bitmap field as ‘1’ for all PDCP SDUs that have been received;

-
submit the PDCP status report to lower layers as the first PDCP PDU for transmission.




4/7


0
1
2
6
3
4
5
0
1
2
6
3
4
5
0
1
2
6
3
4
5
Re-establishment
Stop and reset
running
t-Reordering period
0
1
2
6
3
4
5
t-Reordering timer start when packet 1 arrives.
RX_REORD=7
RX_NEXT=7
RX_DELIV=2
t-Reordering period
0
1
2
6
3
4
5
0
1
2
6
3
4
5
0
1
2
6
3
4
5

Received packet from Source gNB

Received packet from Target gNB

5 is lost due to timer expriation
running



Packet not received
RX_NEXT=1
RX_DELIV=1
RX_REORD=7
RX_NEXT=1
RX_DELIV=1
RX_REORD=7
RX_NEXT=1
RX_DELIV=1
RX_REORD=7
RX_NEXT=7
RX_DELIV=2



0
1
2
6
3
4
5
0
1
2
6
3
4
5
0
1
2
6
3
4
5
Re-establishment
Stop and reset

running
t-Reordering period
0
1
2
6
3
4
5
RX_REORD=7
RX_NEXT=2
RX_DELIV=2
t-Reordering period
0
1
2
6
3
4
5
0
1
2
6
3
4
5
0
1
2
6
3
4
5


running
RX_REORD=4
RX_NEXT=4
RX_DELIV=2
RX_REORD=4
RX_NEXT=4
RX_DELIV=5
Received packet from Source gNB
Received packet from Target gNB



Packet not received
RX_NEXT=1
RX_DELIV=1
RX_REORD=7
RX_NEXT=1
RX_DELIV=1
RX_REORD=7
RX_NEXT=1
RX_DELIV=1



