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Discussion 
1 Introduction

It was agreed to extend PDCP SN for higher data rate. The principle was agreed but the details are left open. The contribution addresses following two issues.
· Issue 1: The length of the extended PDCP SN
· Issue 2: Handover with legacy ENB supporting only normal PDCP SN
2 Discussion
Issue 1: The length of the extended PDCP SN
The proposal from [1] is to use 14 bit for extended PDCP SN to leave one bit for reserved. PDCP window size increases from 4096 to 16384. The maximum data rate is 3.94 Gbps assuming 1500 byte IP packet and 25 ms RTT. 

Even though 3.94 Gbps seems good enough for the moment, we prefer to be more future-proof by having as large SN as possible in the given PDU format. Specifically speaking our proposal is to use all of three reserved bit for PDCP SN, then the size of extended PDCP SN is 15 bit to give maximum data rate of 7.87 Gbps. Only concern on this would be to sacrifice the last reserved bit. In our understanding, having reserved bit is not necessary in practice. If the use of R bit is identified in the future, we can simply do the same thing with the new PDU format. Anyway the PDCP PDU format using R bit for a specific use will be considered as a new format. Both in implementation point of view and in specification point of view, having new PDU format with or without using R bit does not make any difference.

Proposal 1: To have 15 bit PDCP SN by using 3 reserved bits.  
Issue 2: Handover with legacy ENB
When UE is configured with extended PDCP SN, there could be a backward compatibility issue in case UE is to be handed over to the legacy ENB which does not support extended PDCP SN. 

When UE is handed over from Legacy ENB to Rel-11 ENB, PDCN SN changes from 12 bit to 15 bit. PDCP window size is increased by 8 times but there is no issue in data handling perspective. 
When UE is handed over from Rel-11 ENB to Legacy ENB, PDCN SN changes from 15 bit to 12 bit. PDCP window size is decreased by 8 times, which has some issues in PDCP PDU handling during handover. If the number of out-of-sequence PDCP PDUs is larger than the new PDCP window (e.g. if more than 1024 PDUs are to be stored in the PDCP window due to the re-establishment of the lower layer), it is an issue how to handle those PDUs in the new PDCP window. 
We see three solutions as summarized table 1.

<Table 1>
	
	Description
	Note

	Solution 1 : forwarding out-of-window PDUs
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	· PDCP forwards out-of-sequence PDUs to the upper layer until remaining PDUs fit into the new PDCP window

· Packet loss may happen

· Spec impact

· New section in 36.323 for PDCP window management

· New section in 36.323 to describe how state variables are adjusted to the new PDCP SN size

	Solution 2: discarding out-of-window PDUs
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	· PDCP discards PDUs with higher COUNT until remaining PDUs fit into the new PDCP window
· Packet loss does not happen

· Unnecessary retransmission may happen

· Spec impact

· New section in 36.323 for PDCP window management

· New section in 36.323 to describe how state variables are adjusted to the new PDCP SN size

	Solution 3: Release and setup
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	· PDCP is released and established again upon handover

· Packet loss may happen 
· Spec impact

· Some clarification in 323 or 331 that PDCP data is forwarded to the upper layer in DL and forwarded to the new PDCP in UL upon release 


Considering following aspects, we propose to go for solution 3.
· Solution 1 and solution 2 require new function which may lead to huge impact to the specification
· However both solution 1 and 2 are not perfect. Each has its own drawback.
· Solution 3 does not require new function but uses existing ‘full-config’ handover

· Handover between legacy ENB and Rel-11 ENB would not happen frequently considering that ENB upgrade is usually applied for a whole geographical area 
Proposal 2: To release the PDCP and setup the PDCP upon handover if it involve the change of the PDCP SN size change 
When releasing the PDCP upon handover, data loss should be minimized. It is proposed to add a note in 36.331 that UE does not discard out-of-sequence PDCP SDUs but forward it to the upper layer or to the new PDCP.
	5.3.5.8
Radio Configuration involving full configuration option
The UE shall:

1>
release/ clear all current dedicated radio configurations except the C-RNTI, the security configuration and the PDCP, RLC, logical channel configurations for the RBs and the logged measurement configuration;

NOTE 1:
Radio configuration is not just the resource configuration but includes other configurations like MeasConfig and OtherConfig.

1>
if the RRCConnectionReconfiguration message includes the mobilityControlInfo:

2>
release/ clear all current common radio configurations;

2>
use the default values specified in 9.2.5 for timer T310, T311 and constant N310, N311;
1>
else:

2>
use values for timers T301, T310, T311 and constants N310, N311, as included in ue-TimersAndConstants received in SystemInformationBlockType2;

1>
apply the default physical channel configuration as specified in 9.2.4;

1>
apply the default semi-persistent scheduling configuration as specified in 9.2.3;

1>
apply the default MAC main configuration as specified in 9.2.2;

1>
for each srb-Identity value included in the srb-ToAddModList (SRB reconfiguration):

2>
apply the specified configuration defined in 9.1.2 for the corresponding SRB;

2>
apply the corresponding default RLC configuration for the SRB specified in 9.2.1.1 for SRB1 or in 9.2.1.2 for SRB2;

2>
apply the corresponding default logical channel configuration for the SRB as specified in 9.2.1.1 for SRB1 or in 9.2.1.2 for SRB2; 

NOTE 2: 
This is to get the SRBs (SRB1 and SRB2 for handover and SRB2 for reconfiguration after reestablishment) to a known state from which the reconfiguration message can do further configuration.

1>
for each eps-BearerIdentity value included in the drb-ToAddModList that is part of the current UE configuration:

2>
release the RLC entity or entities;

2>
release the PDCP entity;


2>
release the DTCH logical channel;

2>
release the drb-identity;

NOTE 3: 
This will retain the eps-bearerIdentity but remove the DRBs including drb-identity of these bearers from the current UE configuration and trigger the setup of the DRBs within the AS in Section 5.3.10.3 using the new configuration. The eps-bearerIdentity acts as the anchor for associating the released and re-setup DRB.
 NOTE 4: 
Out-of-sequence SDUs stored in the reception buffer are forwarded to the upper layer upon RLC release and PDCP release.
NOTE 5: 
Data buffered in the transmission buffer of the released PDCP having not been submitted to the lower layer are transferred to the PDCP that is setup for the same eps-BearerIdentity.
1>
for each eps-BearerIdentity value that is part of the current UE configuration but not part of the drb-ToAddModList:

2>
perform DRB release as specified in 5.3.10.2;


3 Conclusion
It is proposed to agree on the following proposals. Draft CR is presented in [2] [3]
Proposal 1: To have 15 bit PDCP SN by using 3 reserved bits.  

Proposal 2: To release the PDCP and setup the PDCP upon handover if it involve the change of the PDCP SN size change 

Draft CR to 36.323 and 331 are presented in [2] and [3]
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