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1 Introduction
This document is a summary of the email discussion: [101bis#85][eV2X] running PDCP CR
[101bis#85][LTE/V2X] Running PDCP CR (CATT)

 - Implementing agreements to the specifications

 - Include the issues that decided to discuss as part of the email discussion 

 - Identify and solve any stage3 issue

 - Intended output: agreeable and stable running CR for each specification


Intended outcome: Running CRs to next meeting


Deadline:  Thursday 2018-05-10

This email discussion mainly aims to collect companies’ perspectives and preferences on the open issues of PDCP running CR. After the summary of email discussion as stage 1 email discussion is over, rapporteur will provide running PDCP CR based on the majority views in this summary report to capture the stage 3 spec in the running PDCP CR. 

2 Discussion

According to the scope of the email discussion, the following open issues will be open to be discussed to address any open issue regarding the change to PDCP specification due to the introduction of PDCP duplication. 

2.1 Function required for PDCP layer
In RAN2#101 meeting, it was agreed that the packet duplication detection will be done in PDCP layer:

1: PDCP performs packet duplication detection in Rx UE.

In the legacy Rel_14 V2X, neither PDCP nor RLC layer requires re-ordering function. Unlike the Uu transmission, the V2X packets are generate discretely, so there is no need to perform re-ordering function in the Rx UE. However as per the duplication transmission is introduced in PDCP layer, Tx UE may send the same PDCP PDUs in two different carrier, namely Tx UE delivery different PDCP PDUs to two RLC entities for transmission in two carriers. As per the radio resource availability in two carriers are different, the Tx UE may have transmitted packet 1&2 in carrier 1, and the replicas of packets 1&2 are not transmitted in carrier 2 due to the less availability in carrier2; and it was also identified in [1] that the packets received by different RLC entities will encounter different radio channel quality, and the packets received by PCPC entity may out-of-order. Moreover, in Rx UE, because the PDCP PDUs are received from two RLC entities, in-order delivery cannot be guaranteed by RLC layer. In this particular circumstance, PDCP layer should be responsible for in-order delivery. 
Please note that for non-duplication case we assume R14 V2X PDCP mechanism is reused.
· Question 1:  Should the PDCP entity in Rx UE be responsible for re-ordering the out of sequence PDUs?
a) Yes.

b) No. 
	Companies are invited to provide views below for Question 1

	Companies
	Preferred options
	Comments if any 

	OPPO
	a
	Our understanding is that the current procedure of section 5.1.2.1.4 in TS 36.323 can be reused to a large extent, the procedure of which is also used for PDCP duplication handling of Uu interface.

	Samsung
	a
	Since LTE V2X introduced t-reordering whose value is up to UE implementation, duplication also needs reordering function. For the procedure we agree with OPPO that section 5.1.2.1.4 in TS 36.323 can be reused.

	LG
	a
	Currently Next_PDCP_TX_SN is not used for SL data transmission according to section 5.1.3 of PDCP specification. Unless SN is not increased sequentially from the transmitter side, it is not possible to perform reordering function from receiver side. Thus, Next_PDCP_TX_SN should be applicable for V2X sidelink communication.

	CATT
	a
	Re-ordering function is needed in PDCP duplication as packets in different carrier may arrive out of sequence. 

	vivo
	a
	Agree with rapporteur on the need of PDCP re-ordering function.

	Huawei
	a
	We think PDCP re-ordering is needed, since out-of-order delivery issue may still exist for the packets delivered by the two RLC entities associated with the same PDCP entity, with RLC re-ordering performed in the two RLC entities independently. Agree with OPPO that we may reuse procedures in subclause 5.1.2.1.4 to introduce PDCP re-ordering to V2X sidelink communication.

	ZTE
	a
	It is necessary for the PDCP entity to perform the re-ordering function.

	Qualcomm
	a)
	Please note that PDCP SN is not used in Rel-14 V2X, if ciphering is not used. Agree with LG that SN needs to be used for V2X sidelink for Rel-15. With the SN in use, re-ordering ought to be supported.

	Intel
	a)
	With duplication configured, re-ordering functionality is required to ensure in-order delivery of packets.

	Ericsson
	a)
	Agree with previous comments that re-ordering needs to be supported. Once it is clarified that TX SN shall be incremented also for SL operations, it seems that most of the re-ordering procedures should be in common with Uu packet duplication.


Rapporteur comment: all companies agree to introduce PDCP re-ordering function for the introduction of PDCP duplication transmission. 

Proposal 1: introduce introduce PDCP re-ordering function for the introduction of PDCP duplication transmission.
If the answer to Question 1 is no, then according to the legacy Uu PDCP procedure, re-ordering and duplication detection are bundled functions. So we may re-use the legacy PDCP procedure but striping the re-ordering function and data buffer in PDCP layer in, or we completely develop a new PDCP procedure for duplication detection, but it was identified that developing a new mechanism of procedure may introduce more effort.  

Option 1: Re-use the legacy PDCP procedure but striping the re-ordering function and data buffer in PDCP layer.
It is well known that V2X service is a delay sensitive service, thus if we fully re-use the legacy PDCP re-ordering procedure, the legacy re-ordering procedure may introduce high latency. So data buffer can be stripped from PDCP receiving procedure, leaving duplication detection function only. 
Option 2: Develop a new PDCP procedure for duplication detection. 
If a new PDCP receiving procedure is developed dedicated for Rel_15 V2X, it can be identified that a receiving windows shall also be introduced for duplication detection, and unclear additional work can be expected 
· Question 2:  if re-ordering function is not needed, how PDCP entity in Rx UE performs duplication detection?
a) Re-use the legacy PDCP procedure but striping the re-ordering function and data buffer in PDCP layer.

b) Develop a new PDCP procedure for duplication detection. 

	Companies are invited to provide views below for Question 2

	Companies
	Preferred options
	Comments if any

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


If the answer is no in Q1, we believe the only function for Rx UE in PDCP layer is duplication detection. In the Rx UE, the UE behaviour regarding the duplication detection would be: “UE shall abandon the duplicated PDCP PDUs received from duplicated carrier”. But based on what information the UE detects the duplicated replicas is an issue. PDCP SN should be taken into account apparently, but HFN may be used to manage the wrap around issue. Since HFN and Next_PDCP_RX_SN are not maintained in Rel_14 and previous Rel_14 SL data transmission procedure, maybe HFN should be maintained for the purpose of duplication detection.
· Question 3:  What parameter(s) should be maintained for the purpose of duplication detection?

a) PDCP SN

b) PDCP SN and HFN.

c) Other parameters (please specify).
	Companies are invited to provide views below for Question 3

	Companies
	Preferred options
	Comments if any 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


If the answer is yes for Q1, which means PDCP re-ordering is needed; we will further discuss how to implement packet duplication detection and re-ordering in RX UE.

In the Uu interfaces, there are some PDCP parameters that need to be configured. In the following we will discuss the critical PDCP parameters in sidelink, both the value and the configuration of PDCP parameters. 

2.2 PDCP header format
Furthermore, in Rel_14 V2X, the PDCP header format inherits the format of D2D PDCP header. Since encryption applies to D2D communication, the keys for encryption are introduced in PDCP header, which are not applicable to V2X. Therefore, given the long header of useless keys for encryption, it may be necessary to define a new PDCP header format by removing 21 bits useless encryption field. 
Note: If we define different PDCP header format for Rel_15 V2X, backward capability issue with Rel_14 V2X UE may occur. Furthermore, given this will the last meeting of Rel_15 V2X, unexpected addition work and risk can be expected which may not be completed in one meeting. 
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Figure 1: PDCP Data PDU format for SLRB used for one-to-many communication [3]
· Question 4:  Should we define a new PDCP header format to strip encryption keys in the legacy Rel_14 PDCP header.  

a) Yes
b) No.

	Companies are invited to provide views below for Question 4

	Companies
	Preferred options
	Comments if any 

	OPPO
	b
	The change is too heavy considering the backwards compatibility.  The related field can be simply kept but set as zero.

	Samsung
	b
	Current format is a working solution. Change seems not essential.

	LG
	b
	Agree with the rapporteur.

	CATT
	b
	Change is too much given header length is acceptable. 

	vivo
	b
	According to the procedure of section 5.6.1 in 36.323 as below.
If ciphering is not configured, PGK Index, PTK Identity, and PDCP SN shall be set to “0” in the PDCP PDU header.

We think that V2X services not supporting encryption can be handled in a similar way as the encryption is not configured, i.e. by setting the encryption field to “0”. This way can also avoid the potential backwards compatibility issue.

	Huawei
	b
	Agree with the rapporteur; potential backward incompatibility should be avoided. 

	ZTE
	b
	It is not necessary to optimize it at this stage. 

	Qualcomm
	b)
	Those 21-bits could be still kept as “0”, only the SN field is now to be used as non-zeros for the sake of duplication detection 

	Intel
	b)
	Lack of meeting time seems to be a galvanizing factor here, so we can stick with legacy for now.

	Ericsson
	b)
	Agree with previous comments, this change does not seem to be needed.


Rapporteur comment: all companies agree not to touch legacy PDCP header format 

Proposal 2: keep the legacy PDCP header format
2.3 PDCP re-ordering/duplication detection parameters configuration

2.3.1 PDCP SN length

In legacy sidelink Prose communication and Rel_14 V2X sidelink, the length of PDCP SN length is fixed to 16 bits. In [2], Pdcp-SN-Size is considered as fixed to 16 bits. This is because SA3 that “A 16 bit counter is maintained per PDCP entity”, where “the counter is same as the PDCP SN in regular LTE”. In legacy Uu interface, the PDCP SN is usually configured to 7 bits for short PDCP SN for delay sensitive service, and 12 bits length PDCP SN is usually configured to non-delay sensitive service. 
It is obvious that in V2X, the delay requirement is critical. As identified in Question 1&2, the re-ordering function may introduce longer latency. If PDCP SN is as long as 16 as the length of PDCP SN, and since the receiving window is fixed to half of PDCP SN, the 16 bits PDCP SN may introduce longer latency. So it may be necessary to reduce the length of PDCP SN to reduce the latency introduced by re-ordering/duplication detection. If you prefer a length other than 16 bits, your preference of length and comment are welcome and appreciated. 
Question 5:  Which length do you think the PDCP SN should be ? 
a) 16 bits of PDCP SN as legacy Sidelink PDCP SN length.

b) other than 16 bits(your preference of PDCP SN length is appreciated).
	Companies are invited to provide views below for Question 5

	Companies
	Preferred options
	Comments if any 

	OPPO
	a
	Not clear why SN length would cause a difference in terms of re-ordering latency, which would be more dependent on re-ordering timer length (?). 

On the other hand, similar to Q4, this would cause backwards compatibility as well.

	Samsung
	a
	16-bit can cover almost all cases.

	LG
	a
	We are not clear on the relationship between latency and SN.

	CATT
	a
	Longer SN means longer receiving window, namely receiver has to wait more PDCP PDU for re-ordering, that’s why longer SN introduces longer latency. 

But given the backwards compatibility issue, 16 bits is acceptable. 

	vivo
	a & b
	First of all, 16-bit PDCP SN length is kept to be compatible with Rel_14 V2X services. 
Additionally, at least one new PDCP SN length shorter than 16 bits (e.g., 5 bits or 7 bits) is suggested to be introduced. Shorter PDCP SN length results in relatively less signaling overhead for small packet transmission. On the other hand, shorter PDCP SN has less processing delay as less packets need to be stored in the buffer instead of delivering to upper layer.

	Huawei
	a
	We don't see the need to change. 

	ZTE
	a
	It is not necessary to optimize the PDCP SN for R15 V2X.

	Qualcomm
	a
	No need to optimize the SN size. 

	Intel
	a)
	A shorter SN size might be attractive in principle, but we think 16 is ok to use at this point.

	Ericsson
	a)
	No need for this optimization.


Rapporteur comment: only one company have concern regarding the latency introduced by 16 bits SN, but majority agree to keep the length of PDCP SN length.  

Proposal 3: keep the length of PDCP SN length
2.3.2 Receiving window mode
Regardless if re-ordering is supported, and if not supported, whether to re-use the legacy PDCP receiving procedure, or develop a new PDCP receiving procedure for duplication detection only, a receiving window should be maintained by Rx UE. 
In RLC layer, Rx UE maintains a receiving window in order to re-order the received packets. In RLC AM mode, because the Rx UE has to wait the last packet as per the RLC status report, namely the receiving window is updated by the lower boundary of the receiving window, so the receiving window in RLC AM is maintained in push mode; on the contrary, since RLC UM mode doesn’t support ARQ, the receiving RLC entity of Rx UE can only update the receiving window by upper boundary, so in RLC UM the receiving window is maintained by pull mode. 

As indicated in [1], given feedback is not supported between transmitting PDCP entity and receiving PDCP entity, push window based reception is not suggested to adopt with the reason that the transmitting PDCP entity cannot guarantee the packet which corresponding SN falls out of the upper boundary of the receive window will not be transmitted. Assumed feedback is introduced, UE complexity and delay will increase consequently.  On the contrary, if we choose to re-use the legacy PDCP receiving procedure, namely we will use push based window, and we will avoid a lot of additional work.
Question 6:  How to maintain the Rx UE PDCP receiving window?
a) pull window based reception.

b) push window based reception.

	Companies are invited to provide views below for Question 6

	Companies
	Preferred options
	Comments if any

	OPPO
	b
	As discussed at initial state of NR, there is no major difference between PUSH/PULL window, as long as the half-SN-space restriction is respected. Our understanding is that the current procedure of section 5.1.2.1.4 can be reused to a large extent, which is more a PUSH window based reception.

	Samsung
	a/b
	We can simply reuse LTE split bearer operation. 

In split bearer operation in LTE, it is not easy to say either pull or push window. Last_Submitted_PDCP_RX_SN is updated by push window and Next_PDCP_RX_SN is updated by pull window.

	LG
	b
	In legacy PDCP reordering procedure, push window based reception is used. We can reuse the procedure if there is no serious problem.

	CATT
	a
	In legacy PDCP reordering procedure, reordering only applies for PDCP re-establishment (RLC AM mode). 

However, in V2X, we use RLC UM, so without ARQ mechanism, the receiver can’t confirm the last received PDU is received or not, so I assume, that’s why we have to use pull mode window. 

	vivo
	
	If the majority prefer to reuse the procedure of section 5.1.2.1.4 in 36.323 to implement PDCP duplication detection and re-ordering, we are fine to go with this method. But based on premise of section 5.1.2.1.4, there may be no need to discuss whether it is  PULL and/or PUSH window anymore as the procedural text is already there.

	Huawei
	
	The legacy LTE PDCP reordering is more like push window mode. But in case we agree to reuse, perhaps it does not matter much whether it is "push" or "pull" unless new issue appears. 

	ZTE
	a/b
	Agree with Samsung, we could reuse the PDCP reordering for LTE split bearer regardless it is pull or push mode.  

	Qualcomm
	a/b
	Agree with Samsung and ZTE.

	Intel
	a)
	As companies have pointed out, the lines between PUSH and PULL window are little blurred in that we can reuse LTE split bearer operation.

	Ericsson
	a/b
	Agree with Samsung.


Rapporteur comment: most of companies agree to keep the legacy re-ordering window maintaining mode, only 2 companies raised the concern that UM mode should use pull mode.  

Proposal 4: keep the length of PDCP SN length
2.3.3 t-reordering timer value configuration

It is also mentioned in [1] that in principle, t-Reordering is only meant to be used by the receiving entity, which does not need to be shared between Tx and Rx entities. However, t-reordering can be coordinated between Tx UE and Rx UE in order to deal with different service requirement. For example, the value of t-reordering timer can configure a relative small value for service which requires low latency. According to the current specification for cellular, these parameters are configured to UEs via RRC signalling, so the UEs and eNB share common values. However, for V2X communication, Rx PDCP/RLC entity is not established via RRC signalling. Instead Rx PDCP/RLC is established according to the first received RLC PDU. In particular, for the out-of-coverage scenario, V2X UEs can not receive the RRC signalling, so both Tx and Rx PDCP/RLC entities need to coordinate these values before actual data transmission. 
So we may have the options that whether the t-reordering timer is specified as a unique value or multiple values, e.g., associated with the characteristics of each service?
· Question 7:  t-reordering is fixed to one value, or pre-configured up to the characteristic of special service?
a) t-reordering is fixed for All V2X service .

b) t-reordering is (pre)configured associated with the characteristics of a specific service. .
c) UE implementation

d) others
	Companies are invited to provide views below for Question 7

	Companies
	Preferred options
	Comments if any

	OPPO
	c)
	V2x in general as a delay-critical traffic (URLLC-like), should not use a long re-ordering timer, so it is not super motivated to further differentiate the length of re-ordering timer for different traffic. We tend either go for a single (pre)configured value or up to UE implementation (similar to the discard timer).

	Samsung
	c)
	Similar to Rel-14, UE implementation can configure properly.

	LG
	c)
	The proper value can be configured by UE implementation.

	CATT
	c)
	From the requirement of V2X point of view, the latency requirement is not associated with a specific V2X service. So it can be configured by UE implementation. 

	vivo
	a)
	If we agree to specify the PDCP re-ordering function in RX UE but leaving the re-ordering timer value unspecified, then it may be a risk that the performance of re-ordering can’t be guaranteed, e.g. if the UE sets re-ordering timer=0 the duplication detection of PDCP is also disabled. Furthermore, if the sending side cannot keep the alignment understanding about the re-ordering timer value with the receiving side, the duplication detection of PDCP is also useless. For example, the sending side sends the PDCP PDU in n subframe in one leg and sends the same duplicated PDCP PDU in n+6 subframe in another leg, the receiving side will anyway discard the duplicated PDU from another leg with re-ordering timer=5ms assumption in the receiving side.
For simplicity, to introduce one fixed value e.g., 5ms for all V2X service is suggested.


	Huawei
	c)
	It seems enough to leave the configuration of t-reordering value to UE implementation.

	ZTE
	c)
	For the t-reordering timer in RLC for R14 V2X, it has been agreed that it is up to UE implementation. To simplify the design, it is suggested the t-reordering timer in PDCP is also up to UE implementation for V2X.

	Qualcomm
	c)
	

	Intel
	c)
	Option a) lacks flexibility and b) also seems too restrictive. We wonder if the t-reordering timer could be configured differently for mode 3 vs mode 4 UEs, but the simplest option is to go with UE implementation anyway.

	Ericsson
	c)
	In Rel.14, it was agreed that the t-reordering timer in RLC is up to UE implementation. We can assume the same for PDCP reordering purposes.


Rapporteur comment: only one company proposes to configure the t-Reordering, majority suggest the t-Reordering timer can be left to UE implementation. 
Proposal 5: t-Reordering timer is left to UE implementation. 
If the answer of Question 7 is b), then if it is per service associated, which factors of the service should be considered to configure the t-reordering timer? PPPP and/or PPPR?

PPPR is generated by upper layer alone with each packet delivered to AS layer to indicate the reliability. So with higher reliability, the Rx UE probably shall spend more time on receiving and re-ordering the PDCP PDUs. So PPPR may be associated with t-reordering timer.

PPPP is also generated by upper layer alone with each packet delivered to AS layer to indicate the priority of this packet. 

· Question 8:  which parameter(s) should be associated with the value of t-reordering?
a) PPPR.

b) PPPP.

c) Others (please specify).

	Companies are invited to provide views below for Question 8

	Companies
	Preferred options
	Comments if any

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Conclusion

Proposal 1: introduce introduce PDCP re-ordering function for the introduction of PDCP duplication transmission.
Proposal 2: keep the legacy PDCP header format
Proposal 3: keep the length of PDCP SN length
Proposal 4: keep the length of PDCP SN length
Proposal 5: t-Reordering timer is left to UE implementation. 
4 Reference

[1] R2-1804697, Packet duplication detection in sidelink PDCP, vivo.

[2] R2-144482, Summary of email [87#32][LTE/ProSe] Parameter configuration of PDCP/RLC/MAC entities

[3] 36.323-e50
 
Packet Data Convergence Protocol (PDCP) specification

 9/9

_1234567890.vsd
PTK Identity (cont.)


Data


PTK Identity


Oct 6


PDCP SN


PDCP SN (cont.)



PGK Index


Oct 1


Oct 2


Oct 3


Oct 4


Oct 5


...


SDU Type



