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Discussion
In the XR session of RAN2#124, the following proposal was discussed:
Signalling between tx and rx entities
R2-2311946	PDCP discard notifications to receiving PDCP entity	CATT, CANON Research Centre France, Nokia, Nokia Shanghai Bell	discussion	Rel-18	NR_XR_enh-Core
Proposal 1: When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs.
-	Ericsson doesn’t think this is an issue, it is similar to legacy.  LG agrees and it is a big feature and as the last meeting it can’t be done.  CATT indicates that there is no TP as there is divergence.
-	Nokia explains that now we are creating gaps and because of reordering timer we are stalling and it can’t work without it.  Nokia thinks that we can also specify that the UE shall not create SN gaps.  
-	Apple agrees with Nokia and supports P1.  Intel also supports this.  
-	Futurewei explains that this is not like the legacy and in Rel-18 if we need to inform the other entity as the SN cannot be re-used for another PDU. Sony, Huawei, Spreadtrum, Vivo and Lenovo think that there is a problem and it is not very complicated.  
-	Xiaomi, Oppo, NEC thinks that this is an optimization 
-	NEC thikns that the gNB knows the problem.  
-	ZTE also thinks that this is a problem


Agreements:
1	[CB] When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs

This offline discusses the possible solutions to implement the above PDCP PDU report with associated TPs provided in Annex.
1.1. Way forward
F2F offline: based on [1], LGE, Ericsson, ZTE, Xiaomi and Samsung believe nothing needs to be solved, while other companies still think XR requires special handling of reordering window when PDU Sets are discarded. Following majority view, it is proposed:
Proposal 1 (12 vs 5): When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs.
1.2. Possible solutions for reporting

Alternative 1: rely on PDCP Header of data PDU and indicate how many PDUs with associated COUNT values immediately preceding this PDU the data-receiving PDCP entity should not expect to receive. For example, if PDUs with associated COUNT values 1 and 5 are transmitted but the PDUs with values 2, 3, and 4 are discarded, the proposed indication in the header of PDU #5 should indicate the value 3. 

Two options:
1.	Since the current headers of PDCP Data PDUs have 3, 4 or 5 Reserved bits depending on the radio-bearer type and the configured SN length, these bits could be used for the proposed indication, resulting in no new header octets provided that the number of PDUs that should not be expected to receive does not exceed 23-1, 24-1 or 25-1 (i.e. 7, 15 and 31 respectively).

	D/C
	Missing PDUs
	PDCP SN
	Oct 1

	PDCP SN (cont.)
	Oct 2

	PDCP SN (cont.)
	Oct 3

	Data
	Oct 4

	...
	...

	Data
	Oct N-4

	MAC-I (optional)
	Oct N-3

	MAC-I (optional)
	Oct N-2

	MAC-I (optional)
	Oct N-1

	MAC-I (optional)
	Oct N



[bookmark: _Ref150994296]Figure 1: Report based on legacy PDCP data PDU, reusing the R bits for indicating the number of missing PDUs.

2.	Indicate the presence of a new 8 bits indication with an R bit, allowing up to 28 PDUs to be reported (i.e. 256)

	D/C
	M
	R
	R
	PDCP SN
	Oct 1

	PDCP SN (cont.)
	Oct 2

	Missing PDUs
	Oct 3

	Data
	Oct 4

	...
	...

	Data
	Oct N-4

	MAC-I (optional)
	Oct N-3

	MAC-I (optional)
	Oct N-2

	MAC-I (optional)
	Oct N-1

	MAC-I (optional)
	Oct N



[bookmark: _Ref150994391]Figure 2: Report based on PDCP data PDU, with an additional octet for indicating the number of missing PDUs.

Alternative 2: one of the currently reserved values for the PDU Type is used to indicate a new control PDU.

Two options:
1.	Reuse similar format as for the PDCP status report with e.g. first/last missing SN (or COUNT) and a bitmap

	D/C
	PDU Type
	R
	R
	R                R
	R
	Oct 1

	FMC
	Oct 2

	FMC
	Oct 3

	FMC
	Oct 4

	Bitmap
	Oct 5

	…
	…

	Bitmap
	Oct N


[bookmark: _Ref151009739]Figure 3: Report based on PDCP control PDU, similar to the legacy status report.

2.	Group the reporting per SN range (corresponding to PDU sets).

	D/C
	PDU Type
	E
	R
	R
	R
	Oct 1

	FMC
	Oct 2

	FMC
	Oct 3

	FMC
	Oct 4

	Missing PDUs
	E
	Oct 5

	FMC
	Oct 6

	FMC
	Oct 7

	FMC
	Oct 8

	…
	…

	Missing PDUs
	E
	Oct N


[bookmark: _Ref151009755]Figure 4: Report based on PDCP control PDU, with range indication.

Alternative 3 (Ericsson added):
To avoid any problem with window stalling, late delivery or SN gaps problem:
1) Proper network configuration:
· Preferably configuring a SN-length of 18 bits (to remove any possibility of window stalling),
· Reasonable T-reordering timer values (to prevent late delivery of PDCP PDUs to higher layer) and, 
· optionally, out-of-order delivery completely solves any issue which may come with SN gaps (to remove any possibility of late delivery of PDCP PDUs to higher layers).
2) As in legacy it is up to implementation to minimize the SN gap after doing a SDU discard.

1.3. Down-selecting the solutions
Q1. Should the report be carried in PDCP data PDU (alternative 1) or PDCP control PDU (alternative 2)?
	Company
	Alternative 1/2
	Comment

	Ericsson
	3
	PDCP SN gaps have been discussed broadly and extensively during the first NR Release as well as during the URLCC work. In neither case, no signaling solution was agreed to handle such situation. 
It is mandated that the UE handles the PDCP SN gaps as already specified in the PDCP specs. As we pointed out in online session, we are discussing a legacy “problem”; however, even thought this was discussed multiple times, no enhancements have been introduced to handle it and it has been left to the implementation. To be clear copied is below text in specification:
[bookmark: _Toc37126954][bookmark: _Toc46492067][bookmark: _Toc46492175][bookmark: _Toc124547261]5.3        SDU discard
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:      Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.
Having said so, we think this is already handled by implementation and should be left to implementation. 

We are absolutely against introducing new headers in PDCP to address this, especially when there is no proven issue. If RAN2 wants to introduce any extra solution for this, it should be done via PDCP Control PDUs.

In any case, which has also been highlighted by other companies, the PDCP PDU carrying this new information is not prioritized in any specific way which means they may be delayed and the T-reordering timer in the receiver side continue to be running and possibly the timer has even expired. Thus neither of the proposed solutions does really address any of the potential existing problems! 

A third solution is a solution based on:
1) Proper network configuration:
· Preferably configuring a SN-length of 18 bits (to remove any possibility of window stalling),
· Reasonable T-reordering timer values (to prevent late delivery of PDCP PDUs to higher layer) and, 
· optionally, out-of-order delivery completely solves any issue which may come with SN gaps (to remove any possibility of late delivery of PDCP PDUs to higher layers).
2) As in legacy it is up to implementation to minimize the SN gap after a SDU discard.

Thus, we favor this third solution.



	Huawei
	2
	Alternative 1 should not be pursued. We agreed there should be no in-band signalling for PDU set handling. 
Reusing PDCP SR structure is the simplest approach. We just need to specify the C-PDU and the rest is left to the UE/gNB implementation. 
On Ericsson’s comments – yes, this has been discussed in Rel-15 but as mentioned already online, for XR the gaps issue is much more frequent and larger due to whole PDU sets discarding. The point is to aid UE in making sure the gaps are minimized. 
Also, it is not a trivial task to optimize parameters setting in the NW the way Ericsson describes, e.g. 
· as discussed in the past, SA4 clarified that in-order delivery is not always ensured by application layer, so it might need to be handled by PDCP
· T_reordering and other parameters need to consider traffic QoS requirements in the first place, not be optimized to deal with SN gap issue

	Sony
	2
	Agree with Huawei and Ericsson regarding that there should be no in-band signaling for PDU set handling.
Also agree with Huawei on the urgency to handle gaps for XR traffic.

	Nokia
	1 or 2
	To Ericsson: Notes with should statement do not mandate anything and the third “solution” does not help. A viable alternative would be to promote the existing Notes to normal text with shall statements.

	Qualcomm
	21
	We prefer option 2 because it does not rely on the availability of a data PDU after discards and hence enables more timely notification of gaps. On second thought, we think Option 1 is better, because
· It is in band and thus delivered in sequence. That helps simplify the processing of PDUs. 
· Option 1 is more robust as data PDUs are ACKed but control PDUs are not. 
· Transmitter can send a dummy data PDU to signal a gap, if no data is immediately available. 

	OPPO
	2
	As a compromise, I understand Alternative 2 is acceptable since the PDCP SR structure can be reused as much as possible to simplify our work.

	Apple
	2
	We prefer Option 2 based on the reasons already mentioned by the companies above. It is more flexible and future-proof. 

	Futurewei
	2
	We prefer option 2 for the same reasons that have been mentioned by companies above

	[bookmark: _Hlk151057293]Canon
	Alternative 2
	Bitmap is more accurate to signal the discarded PDUs
The legacy PDCP data PDU is unchanged

	vivo
	2
	Agree with above companies. Besides, control PDU is more flexible and simple. 

	CATT
	2
	Agree with other companies to keep PDCP data PDU untouched, also considering the earlier agreement to not send information inband.

	Fujitsu
	2
	Agree with above companies that PDCP data PDU should not be changed and borrowing PDCP SR structure is the simplest approach.

	Google 
	2 
	We prefer alternative 2 which is simpler and has less impact on PDCP data PDU. 



Summary:
13 companies provided views as follows:
Option 1: 2
Option 2: 11
Nothing needed: 2 (including LG side paper)
Considering only 2 companies do not support any change, Rapporteur suggests continuing progressing the design of the PDU reporting discarded PDUs and follow majority preference to go with PDCP control PDU.
Proposal 2 (11 vs 2): The discarded PDCP PDUs are reported via PDCP control PDU 
Q2. For the report in PDCP data PDU, the number of discarded SDUs is indicated in the R-bits of the header (Option 1: Figure 1) or in an additional octet after the header (Option 2: Figure 2)?
	Company
	Option 1/2
	Comment

	Ericsson
	N/A
	We are absolutely against modifying the header bits for this.

	Huawei
	
	This option should not be pursued

	Nokia
	Option 2
	For flexibility

	OPPO
	
	This option should not be pursued

	Apple
	Option 2
	We think the number of R bits is not sufficient to accommodate XR use cases considering the number of PDUs in one PDU Set could be much larger, so we prefer a clean solution by introducing a new field. The content and the size of this new field can be further discussed, for example, it may include the information of number of PDUs to be discarded and/or already discarded.

	Qualcomm
	Option 2
	More flexible with Op2

	Futurewei
	
	The number of R-bits may not be enough considering that there could be up to 100 SDUs for an I frame.

	[bookmark: _Hlk151057327]Canon
	Option 1 with comment
	We prefer alternative 2, however if alternative 1 is selected we suggest to use only one reserved bit as a SN reset, gNB resumes SN check starting from the current PDU, no need to signal the number of discarded PDUs 

	Vivo
	Option 2
	Keep the flexibility and future proof. 

	CATT
	Option 2
	As to change the legacy data PDU format, it is better to go with the most flexible approach.

	Fujitsu
	-
	Not support changing PDCP data PDU format.

	Google
	Option 2
	Option 2 is more flexible but the one octet could be after the data fields. 



Summary:
12 companies provided views and only one company supports Option 1. Other companies either do not support inband signaling or prefer Option 2 for its flexibility. 
Proposal 3 (10 vs 1): The number of discarded PDUs is not indicated in the R-bits of the header of a PDCP data PDU. 

Q3. For the report in PDCP control PDU, should the report identify the discarded SDUs via the reference SN or Count?
	Company
	SN/Count
	Comment

	Ericsson
	N/A
	No, we prefer option 3.

	Huawei
	Count
	As in PDCP SR

	Soy
	Count
	Similar to PDCP SR

	Nokia
	Count
	As in PDCP SR

	Qualcomm
	Count
	Same comment as above

	OPPO
	Count 
	As in PDCP SR

	Apple
	Count
	It is more aligned with the existing Status Report.

	Futurewei
	COUNT
	As in PDCP SR

	[bookmark: _Hlk151057349]Canon
	Count
	Similar to PDCP status report

	vivo
	Either
	We are fine with either one. 
Count could be considered as legacy. 

	CATT
	Count
	Keep same design as PDCP SR

	Fujitsu
	COUNT
	As in PDCP SR.

	Google
	Count
	As in PDCP status report



Summary:
13 companies provided views and all except one prefer reusing the PDCP control PDU principle of using COUNT. One company does not support any change.
Proposal 4 (12/12): Same as in the PDCP status report, the new report identifies the discarded PDUs via the COUNT value.

Q4. For the report in PDCP control PDU, should the report indicate the first missing or last missing SDU?
	Company
	first/last
	Comment

	Ericsson
	N/A
	No, we prefer option 3.

	Huawei
	first
	As in PDCP SR

	Sony
	First
	Similar to PDCP SR

	Nokia
	Either
	Both work

	Qualcomm
	First
	

	OPPO
	First 
	As in PDCP SR

	Apple
	First
	The first missing will not change over time, which makes the solution less complex.

	Futurewei
	Last
	If last is indicated, we can avoid having the bitmap in the control PDU to save overhead, which can be as large as 12~13 octets considering that an I frame may consist of up to 100 SDUs. However, we agree with Nokia that both works.

	[bookmark: _Hlk151057384]Canon
	First
	Similar to PDCP status report

	vivo
	First
	Either is fine. 

	CATT
	First
	Keep same design as PDCP SR

	Fujitsu
	First
	As in PDCP SR

	Google
	First
	As in PDCP SR



Summary:
13 companies provided views and all except two prefer reusing the PDCP control PDU principle of indicating the first missing PDU. One company does not support any change.
Proposal 5 (11 vs 1): Same as in the PDCP status report, the new report indicate the first missing PDUs.

Q5. For the report in PDCP control PDU, should it use a bitmap (Figure 3) or range (Figure 4)?
	Company
	bitmap/range
	Comment

	Ericsson
	N/A
	No, we prefer option 3.

	Huawei
	bitmap
	As in PDCP SR

	Sony
	Bitmap
	Similar to PDCP SR

	Nokia
	Range(s)
	When PSIHI is set, consecutive PDUs are discarded in bulk (up to ~100 depending on bit rate and codec) 

	Qualcomm
	Range
	We expect that most discards in XR use cases are in blocks of PDUs. So ranging based indication is more efficient in signaling. 
For the same reason, and to keep the design simple, a single range per control PDU is sufficient in most scenarios. Gaps between blocks can be handled by separate indications. 

	OPPO
	bitmap
	As in PDCP SR

	Apple
	bitmap
	It is more future-proof as it can accommodate the cases where there are gaps in the sequence of discarded PDUs. For examples, discarding based on timers.

	Futurewei
	bitmap or nothing
	If first is indicated, prefer bitmap as in PDCP SR. However, if last is indicated, the bitmap can be avoided.

	[bookmark: _Hlk151057404]Canon
	Bitmap
	Similar to PDCP status report

	vivo
	Bitmap
	In case PSI based discard is used, the discarded ones may not be consecutive. 

	CATT
	Bitmap
	Keep same design as PDCP SR

	Fujitsu
	Range(s)
	A PDU Set may be in continuous SN. It is more efficient to use range(s).

	Google 
	Bitmap
	Same as in PDCP status report



Summary:
13 companies provided views as follows:
Bitmap: 9
Range: 3
Nothing is needed: 1
During the online f2f, LGE also mentioned the bitmap is not needed.
Rapporteur suggests following majority view to reuse the PDCP control PDU principle of identifying the discarded PDUs via a bitmap.
Proposal 6 (9 vs 4): Reuse the PDCP status report design by identifying the discarded PDUs via a bitmap.

Conclusion
Proposal 1 (12 vs 5): When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs.
Conditional to P1:
Proposal 2 (11 vs 2): The discarded PDCP PDUs are reported via PDCP control PDU 
Proposal 3 (10 vs 1): The number of discarded PDUs is not indicated in the R-bits of the header of a PDCP data PDU. 
Proposal 4 (12/12): Same as in the PDCP status report, the new report identifies the discarded PDUs via the COUNT value.
Proposal 5 (11 vs 1): Same as in the PDCP status report, the new report indicate the first missing PDUs.
Proposal 6 (9 vs 4): Reuse the PDCP status report design by identifying the discarded PDUs via a bitmap.
[bookmark: _GoBack]Reference
[1] R2-2313946, Need for PDCP discard notifications to receiving PDCP entity, LG Electronics
Annex: PDCP TPs for receiving entity
PDCP receiving entity behaviors:

Alternative 1: Data PDU is used
· Spec impact
· If RX_DELIV equals to the missing PDUs, RX_DELIV should be updated.
· Stored data which COUNT between the initial RX_DELIV and the updated RX_DELIV should be delivered to upper layer.
Alternative 2: Control PDU is used 
· Spec impact
· If RX_DELIV is within the missing PDUs, RX_DELIV should be updated (aiming to stop the t-reordering);
· If RX_NEXT is within the missing PDUs, RX_NEXT should be updated.
· Stored data which COUNT between the initial RX_DELIV and the updated RX_DELIV should be delivered to upper layer.
· Update the t-reordering and RX_REORD.

[bookmark: _Toc12616337][bookmark: _Toc37126949][bookmark: _Toc46492062][bookmark: _Toc46492170][bookmark: _Toc139052319]TP corresponding to Alternative 1:

5.2.2.1	Actions when a PDCP Data PDU is received from lower layers
In this clause, following definitions are used:
-	HFN(State Variable): the HFN part (i.e. the number of most significant bits equal to HFN length) of the State Variable;
-	SN(State Variable): the SN part (i.e. the number of least significant bits equal to PDCP SN length) of the State Variable;
-	RCVD_SN: the PDCP SN of the received PDCP Data PDU, included in the PDU header;
-	RCVD_HFN: the HFN of the received PDCP Data PDU, calculated by the receiving PDCP entity;
-	RCVD_COUNT: the COUNT of the received PDCP Data PDU = [RCVD_HFN, RCVD_SN].
At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP Data PDU, i.e. RCVD_COUNT, as follows:
-	if RCVD_SN < SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1.
-	else if RCVD_SN >= SN(RX_DELIV) + Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) – 1.
-	else:
-	RCVD_HFN = HFN(RX_DELIV);
-	RCVD_COUNT = [RCVD_HFN, RCVD_SN].
After determining the COUNT value of the received PDCP Data PDU = RCVD_COUNT, the receiving PDCP entity shall:
-	perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP Data PDU and consider it as not received;
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	discard the PDCP Data PDU;
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 RCVD_COUNT + 1.
-	if outOfOrderDelivery is configured:
-	deliver the resulting PDCP SDU to upper layers after performing header decompression using EHC.
-    if RX_DELIV is included in the Missing PDUs indicated in the PDCP Data PDU:
-    deliver all stored PDCP SDU(s) with consecutively associated COUT value(s) starting from COUNT=RX_DELIV to upper layers in ascending order of the associated COUNT vaule (if any) after performing header decompression;
           -     update RX_DELIV to the COUNT value of the first PDU SDU which has not been delivered to upper layers and not included in the missing PDUs indicated by the PDCP Data PDU.
-	if RCVD_COUNT = RX_DELIV:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from COUNT = RX_DELIV;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value > RX_DELIV and not included in the missing PDUs indicated by the PDCP Data PDU;
-	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.


TP corresponding to Alternative2: 
[bookmark: _Toc12616341][bookmark: _Toc37126955][bookmark: _Toc46492068][bookmark: _Toc46492176][bookmark: _Toc139052325]5.X	[Missing control PDU]
[bookmark: _Toc12616342][bookmark: _Toc37126956][bookmark: _Toc46492069][bookmark: _Toc46492177][bookmark: _Toc139052326][bookmark: _Toc12616343][bookmark: _Toc37126957][bookmark: _Toc46492070][bookmark: _Toc46492178][bookmark: _Toc139052327]5.X.1	Transmit operation
[based on format selection]
5.X.2	Receive operation
When a [Missing control PDU] is received, the receiving PDCP entity shall:
-	if all the COUNT of the missing PDUs is outside the reordering window:
-	ignore the [Missing control PDU];
     -    if RX_NEXT is within the indicated missing PDUs indicated by the [Missing control PDU]:
           -    update RX_NEXT to the COUNT value of the first PDCP SDU which with COUNT value >RX_NEXT and not included in the missing PDUs indicated by the [Missing control PDU];
      -   if RX_DELIV is included in the missing PDUs:
           -   deliver all stored PDCP SDU(s) with consecutively associated COUT value(s) starting from COUNT=RX_DELIV to upper layers in ascending order of the associated COUNT vaule (if any) after performing header decompression;
           -   update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers with COUNT value > RX_DELIV and not included in the missing PDUs indicated in the [Missing control PDU].
-	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.
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