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Discussion and Decision
1      Introduction
In RAN2 NR AH#1801 meeting, agreements were reached for packet duplication while there are several FFSs:

Agreements:

…
1. 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.  

2. 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

3. 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.

…

4. FFS Duplication is supported for SRBs for CA 

In this contribution, we discussion the remaining issues of packet duplication. 
2      Discussion
2.1     Support of SRB duplication for CA
For SRB, the motivation to use packet duplication is to increase the signalling reliability. CA is typically used when UE has a sufficiently good geometry/SINR. Using UL CA for a low geometry user may actually further reduce the coverage. The reason is that intermodulation (IM) may be generated whenever simultaneous multiple CC transmission is present. De-rating the PA is therefore usually a preferable strategy (as opposed to increasing the power headroom) to enable UEs to meet the OOB emission requirements without a loss of efficiency, but at the expense of a loss in coverage due to the reduced transmission power in the wanted channel. For example, in RAN4 specifications, MPR (Maximum Power Reduction) and A-MPR (Additional Maximum Power Reduction) can be further increased for certain configurations when carrier aggregation is used [1]. Therefore using UL CA typically reduces the coverage.

Observation 1: Due to intermodulation, UL CA typically reduces the coverage.
It should be noted that from reliability perspective, it is possible to reschedule any RLC retransmissions to a different carrier within CA framework, which is purely up to the network decision. Also given that CA is used for high SINR case, it is natural that the performance for SRB should be very high enough. For a low SINR UE, it does not make sense to configure CA to improve the reliability given that it will further reduce the coverage as discussed above.

Similar discussion about reliability/coverage is related to the TTI bundling usage in LTE CA. TTI bundling is a technique to improve coverage by bundling 4 subframes for UL transmission. In LTE, TTI bundling is not configured for UL CA for the reason that when CA is configured, there is typically no coverage issue.

Observation 2: Reliability improvement of RRC signaling is beneficial for the UE in low SNR condition where CA is not likely to be configured. 
It was argued that applying CA packet duplication can reduce the latency of RRC signalling. Below we analyze the user plane latency for SRB. Assuming the initial HARQ error rate is 0.1, then when packet duplication is used, the effective initial HARQ error rate becomes 0.12=0.01 (assuming independent HARQ error probability for the duplicated transmissions. The validity of such assumption will be discussed later). Then the user plane latency reduction with packet duplication is 9%, as shown below. 
Table 1: User plane latency for paired frame structure

	Subcarrier Spacing
	15 kHz

	OFDM symbols per TTI
	14

	(1.1) Transmitter processing delay
	0.6 ms

	(1.2) Frame alignment time
	0.5 ms

	(1.3) Transmission time (= TTI)
	1 ms

	(1.4) Receiver processing delay
	0.6 ms

	One way latency = (1.1) + (1.2) + (1.3) + (1.4)
	2.7 ms

	HARQ RTT (round-trip time)
	3 ms

	(a) User plane latency with 10% HARQ BLER = (one way latency) + 0.1 x (HARQ RTT)
	3 ms

	(b) User plane latency with 1% HARQ BLER = (one way latency) + 0.01 x (HARQ RTT)
	2.73 ms

	User plane latency reduction = (a – b) / a * 100%
	9%


From above results, we can see that there are some reduction of user plane latency by using packet duplication, but the gain is not significant. Note that assumptions in above result is actually favorable to show the latency reduction with packet duplication. With below factors considered, the gain of user plane latency reduction is smaller.

- The above analysis assumes that there is no delay for the scheduling request, i.e. every UL packet can be accommodated for transmission immediately. In case there is no uplink grant, typically there is additional steps of transmitting SR and receiving UL grant. This could be up to several ms. Although NR provides the means for a very short SR periodicity, this is mainly targeted for URLLC service. The short SR periodicity is not typically configured for other UL data or RRC message transmission. The reason is that such very short SR configuration consumes precious UL resource, and configuring such dense SR configuration for every UE’s UL data / RRC message dramatically reduces available UL resource for actual UL data transmission, therefore significantly reduces UL capacity. If same amount of scheduling request delay is added to the user plane latency, the percentage of reduction gain will decrease.

- When packet duplication is used in the uplink, due to the power sharing, the available power for each carrier can be reduced. Therefore the performance of each link can be reduced (which means the HARQ initial error rate in previous discussion is actually increased). Therefore the overall error rate when packet duplication is used cannot be increased in the amount as shown in the table.

When above factors are taking into account, the gain of user plane latency reduction is smaller compared with the results shown in Table 1.

Observation 3: There is limited gain of user plane latency reduction of using CA packet duplication.
Considering the aboe analysis, it can be seen that there is little motivation to apply CA packet duplication for SRB.

Observation 4: There is no strong motivation to apply CA packet duplication for SRB.

One may raise the question on why DC duplication can be used for SRB. The difference between CA and DC duplication is that there are certain deployment scenarios like EN-DC, as well as that DC duplication might be helpful for potential mobility enhancements schemes (e.g. intra-NR DC).
Proposal 1: CA duplication is not configured for SRB.

2.2     Handling of packet duplication deactivation

Upon packet duplication deactivation, there is one FFS: “FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.”
When packet duplication is deactivated, handling of PDCP data volume is the same as the state when packe duplication is not activated. For CA duplication, PDCP data volume is indicated for the LCG associated with the primary RLC entity. For DC duplication, since split bearer is used, PDCP data volume indication just follows the normal split bearer operation based on parameters ul-DataSplitThreshold and primaryPath. If PDCP data volume for bearers configured with packet duplication is specified for activation and non-activation scenarios, there will not be any additional specification impact. For example, PDCP data volume related to packet duplication could be specified as below for section 5.6 of TS 38.323 (note that IEs ca-Duplication and dc-Duplication are only used for illustration purpose):
	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 ca-Duplication is configured and activated:
-
indicate the PDCP data volume in both the LCGs associated with the primary RLC entity and the LCG associated with the secondary RLC entity;

-
else, if ca-Duplication is configured and not activated, or if dc-Duplication is configured and not activated and 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.


Proposal 2: Upon packet duplication deactivation, PDCP data volume handling is the same as the state when packet duplication is not activated. For CA duplication PDCP data volume is indicated for the LCG associated with the primary RLC entity. For DC duplication, PDCP data volume is indicated according to split bearer operation.
3      Conclusion
In this contribution, we discuss the remaining issues of packet duplication. We have the following observations:
Observation 1: Due to intermodulation, UL CA typically reduces the coverage.
Observation 2: Reliability improvement of RRC signaling is beneficial for the UE in low SNR condition where CA is not likely to be configured.
Observation 3: There is limited gain of user plane latency reduction of using CA packet duplication.
Observation 4: There is no strong motivation to apply CA packet duplication for SRB.
We propose the following:
Proposal 1: CA duplication is not configured for SRB.
Proposal 2: Upon packet duplication deactivation, PDCP data volume handling is the same as the state when packet duplication is not activated. For CA duplication PDCP data volume is indicated for the LCG associated with the primary RLC entity. For DC duplication, PDCP data volume is indicated according to split bearer operation.
References
[1] 3GPP TS 36.101, "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception"

4

