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1 Introduction
The following agreements have been made for PDCP duplication in RAN2-AH-1801 [1]:

Agreements:
1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  
2. Baseline is that packed duplication is support for data PDUs
3. For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  
4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity
5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  
6. Packet duplication does not impact RLC data volume
7. The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.
8. The deactivated RLC entity is not re-established 
9. For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  
10. When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.
11. If SRB is configured to use duplication, the state is always active
12. FFS Duplication is supported for SRBs for CA 

In this contribution, we discuss whether the duplication of PDCP Control PDUs should be supported and the impact on the PDCP data volume.
2 Duplication of PDCP Control PDUs
The duplication of PDCP Data PDUs has been agreed previously in RAN2 as captured in the agreements above. One important aspect of duplication is the detection and discarding of duplicate packets at the receiver. For PDCP Data PDUs, this is achieved by validating the PDCP SN (sequence number) of the PDUs at the receiver. However, there is no SN defined in the PDU format for the PDCP control PDUs. Therefore it is not possible for the receiver to detect duplicate PDUs and discard them. It is important to make sure that the lack of duplicate detection will not be a problem for PDCP control PDUs.
There are currently two types of control PDUs defined for PDCP:
1. Control PDU for PDCP status report
2. Control PDU for interspersed ROHC feedback

The control PDU for PDCP status report is used in PDCP entity re-establishment and PDCP data recovery, and is only applicable to AM DRBs. It includes FMC (First Missing Count) and bitmap fields to indicate the COUNT value of the first missing PDCP SDU within the reordering window and which SDUs are missing and which SDUs are correctly received in the receiving PDCP entity [2]. In other words, it is used to convey the missing PDCP SDU information from the receiver to the transmitter. Note that the length of the COUNT is 32 bits and it does not wrap around.
The receiver of the status report discards the PDCP SDUs that are indicated as successfully delivered according to the FMC and bitmap fields.
If the PDCP control PDU for PDCP status report is duplicated, there are mainly two possibilities for a PDCP SDU indicated as missing in the duplicated status report:
1. The PDCP SDU indicated is valid and has already been retransmitted after the first status report: This may cause unnecessary retransmissions of SDUs unless the PDCP spec is updated.
2. The PDCP SDU indicated is invalid, i.e. it has already been retransmitted after the first status report and has been acknowledged and discarded: In this case the SDU reference in the second status report should be ignored.

Observation 1: Duplication of PDCP control PDUs for PDCP status report will require PDCP spec change and can cause unnecessary retransmissions.
The situation is more complex with the control PDU for interspersed ROHC feedback. According to RFC 3095 [3], the feedback plays an important role in the state transition for the compressor:
For ROHC compression, the three compressor states are the
Initialization and Refresh (IR), First Order (FO), and Second Order
(SO) states. The compressor starts in the lowest compression state
(IR) and transits gradually to higher compression states. The
compressor will always operate in the highest possible compression
state, under the constraint that the compressor is sufficiently
confident that the decompressor has the information necessary to
decompress a header compressed according to that state.
+----------+            +----------+            +----------+
| IR State | <--------> | FO State | <--------> | SO State |
+----------+            +----------+            +----------+
Decisions about transitions between the various compression states
are taken by the compressor on the basis of:
- variations in packet headers
- positive feedback from decompressor (Acknowledgments -- ACKs)
- negative feedback from decompressor (Negative ACKs -- NACKs)
- periodic timeouts (when operating in unidirectional mode, i.e.,
over simplex channels or when feedback is not enabled)

Although residual errors in feedback has been considered in RFC 3095, how to handle duplicated feedback packets has not been explicitly discussed. This may lead to unexpected or un-deterministic behavior at the compressor for some implementations if ROHC feedback packets are duplicated. We think that it would be risky to introduce such an operation without sufficient evaluation. For example, duplication could introduce some issues when the feedback contains a NACK. Excessive duplicated NACKs could trigger the compressor to transit into lower compression states, degrading the compression performance.
Observation 2: Duplicating PDCP control PDUs for interspersed ROHC feedback could be an issue for ROHC operation and performance.
We suggest that RAN2 should discuss and evaluate the impact of duplicated feedback on ROHC before making a decision for the duplication of PDCP control PDUs.
Proposal 1: RAN2 should discuss and evaluate whether duplicated ROHC feedback is an issue for ROHC operation and performance.
Additionally, there could be problems for new PDCP control PDU formats that are introduced in the future. Depending on the specific scenario for these new control PDUs, it may be necessary to add sequence numbering in the PDU format, which would add an overhead and could complicate the handling of these new control PDUs.
Observation 3: Duplicating PDCP control PDUs could be an issue for the future usage of PDCP control PDU.
Based on the arguments above, we propose that the duplication of PDCP control PDUs is not supported in R15. Future support for PDCP control PDUs should be decided after assessment of the impact on SDU retransmissions, ROHC performance, and potential new control PDU formats.
Proposal 2: Do not support duplication of PDCP control PDUs in R15. Future support for PDCP control PDUs should be decided after assessment of the impact on SDU retransmissions, ROHC performance, and potential new control PDU formats.
If the duplication of PDCP control PDUs is not supported, the PDCP entity should decide which leg (primary or secondary) the PDCP control PDUs should be transmitted on. We can identify the following options:
1. Leave it to UE implementation (our preferred option)
2. Always use the primary leg
3. Let gNB decide and inform the UE, e.g. in RRC configuration

Proposal 3: RAN2 should evaluate and select from the following options on which leg to transmit the PDCP control PDUs when PDCP duplication is activated:
1. Leave it to UE implementation
2. Always use the primary leg
3. Let gNB decide and inform the UE, e.g. in RRC configuration

If duplication of PDCP control PDUs is not supported, they should only be considered for the data volume indicated to the MAC entity associated to the selected RLC entity (one of the options 1-3 above).
Proposal 4: For data volume calculation, PDCP entity only considers the PDCP Control PDUs for the MAC entity associated with the selected RLC entity.
3 Conclusions
Based on the discussions above, we note the following observations and proposals:
Observation 1: Duplication of PDCP control PDUs for PDCP status report will require PDCP spec change and can cause unnecessary retransmissions.
Observation 2: Duplicating PDCP control PDUs for interspersed ROHC feedback could be an issue for ROHC operation and performance.
Observation 3: Duplicating PDCP control PDUs could be an issue for the future usage of PDCP control PDU.
Proposal 1: RAN2 should discuss and evaluate whether duplicated ROHC feedback is an issue for ROHC operation and performance.
Proposal 2: Do not support duplication of PDCP control PDUs in R15. Future support for PDCP control PDUs should be decided after assessment of the impact on SDU retransmissions, ROHC performance, and potential new control PDU formats.
Proposal 3: RAN2 should evaluate and select from the following options on which leg to transmit the PDCP control PDUs when PDCP duplication is activated:
1. Leave it to UE implementation
2. Always use the primary leg
3. Let gNB decide and inform the UE, e.g. in RRC configuration

Proposal 4: For data volume calculation, PDCP entity only considers the PDCP Control PDUs for the MAC entity associated with the selected RLC entity.
Text Proposal for 38.323 [2] based on the proposals above (and option 1 for P3) is provided in the Annex below.
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5 Annex: Text proposal for 38.323
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5.4.1	Transmit operation
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [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:
-	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.
NOTE:	If the transmitting PDCP entity is associated with two RLC entities and pdcpDuplication is configured and activated, the transmitting PDCP entity shall submit the PDCP Control PDU to either the primary or the secondary RLC entity. It is up to UE implementation to select the RLC entity.
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5.6	Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP data volume:
-	the PDCP SDUs for which no PDCP Data PDUs have been constructed;
-	the PDCP Data PDUs that have not been submitted to lower layers;
-	the PDCP Control PDUs;
NOTE:	If the transmitting PDCP entity is associated with two RLC entities and pdcpDuplication is configured and activated, PDCP entity shall consider the PDCP Control PDUs only for the data volume indicated to the MAC entity associated with the selected RLC entity.
-	for AM DRBs, the PDCP SDUs to be retransmitted according to subclause 5.1.2;
-	for AM DRBs, the PDCP Data PDUs to be retransmitted according to subclause 5.5.
If the transmitting PDCP entity is associated with two RLC entities, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation (as specified in TS 36.321 [4]), the UE shall:
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 36.322 [5]) in the two associated RLC entities is less than ul-DataSplitThreshold:
-	indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
-	indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity.
-	else:
-	indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.
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5.7.6	PDCP Control PDU for interspersed ROHC feedback
[bookmark: _Toc502396840]5.7.6.1	Transmit Operation
When an interspersed ROHC feedback is generated by the header compression protocol, the transmitting PDCP entity shall:
-	submit to lower layers the corresponding PDCP Control PDU as specified in subclause 6.2.3.2 i.e. without associating a PDCP SN, nor performing ciphering.
NOTE:	If the transmitting PDCP entity is associated with two RLC entities and pdcpDuplication is configured and activated, the transmitting PDCP entity shall submit the PDCP Control PDU to either the primary or the secondary RLC entity. It is up to UE implementation to select the RLC entity.

------------------------------------end of change-----------------------------------

