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Discussion and Decision
1      Introduction
In NR, it was agreed to support packet duplication for both SRB and DRB, as well as for DC (including EN-DC and NR-NR DC) and CA based architectures. 

In RAN2 NR AH#2 meeting, following restrictions were agreed for CA packet duplication based on discussion of contribution [1]:
Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.

One issue discussed in RAN2 NR AH#2 meeting is how to handle RLC error for CA packet duplication. This issue was discussed in both CP and UP session without conclusion. Following is related CP and UP notes:
CP Agreements 
2:
For the duplicate bearer using DC, RLC failure is detected upon the reach of maximum ARQ retransmission and RLF is triggered, i.e. SCG RLC failure triggers SCG RLF, and MCG RLC failure triggers MCG RLF. 

FFS Behaviour for duplicate bearer using CA

UP Agreements 

1.
FFS in CA, as a baseline RLF is not triggered when reaching the maximum number of retransmission for a PDCP duplicate
Since RLC failure is only defined for RLC AM (there is no RLC ARQ retransmission in RLC UM), the key question is whether to support CA packet duplication for RLC AM. In this contribution, we discuss whether this scenario should be supported or not.
2      Discussion
For DRB, the main motivation to use packet duplication is for URLLC services, which require both high reliability and low latency. 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 [2]. Therefore using UL CA typically reduces the coverage.

Observation 1: Due to intermodulation, UL CA typically reduces the coverage.
In RAN2#98 meeting, it was agreed that RLC AM should support only lossless AM operation. This implies that RLC AM can satisfy for the ultra-reliability requirement but not the low latency aspect due to RLC AM retransmissions (typically RLC AM timers setting is around 30 RTTs). It was agreed in RAN2 NR AH#1 meeting that “RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC”. Therefore it can be seen that for packet duplication, URLLC service uses RLC UM. Are there any non-URLLC services which can benefit from packet duplication and will be configured with RLC AM? Given that RLC AM aims to achieve lossless operation, we will analyze the potential gain of CA packet duplication from user plane latency perspective.

For the user plane latency reduction, a similar methodology as [4] is used here. 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 15.0% and 11.7% for NR-FDD-1 and NR-FDD2 (two FDD configurations with different subcarrier spacings and HARQ RTT, as assumed in [4] and is shown in Table 1 below), respectively, as shown below (note that table below is based on Table 1 of [4], with addition of the last two rows). Note that although the analysis for the user plane latency is based on rather small TTI length, the reduction ratio result can be roughly applicable to larger TTI lengths due to scaling of TTI.
Table 1: User plane latency w/ and w/o HARQ retransmission for FDD frame structure

	
	NR-FDD-1
	NR-FDD-2

	Subcarrier Spacing
	15 kHz
	60 kHz

	OFDM symbols per TTI
	2
	2

	(1.1) Transmitter processing delay
	0.143 ms
	0.0357 ms

	(1.2) Frame alignment time
	0.071 ms
	0.0179 ms

	(1.3) Transmission time (= TTI)
	0.143 ms
	0.0357 ms

	(1.4) Receiver processing delay
	0.214 ms
	0.0536 ms

	One way latency = (1.1) + (1.2) + (1.3) + (1.4)
	0.571 ms
	0.1429 ms

	HARQ RTT (round-trip time)
	1.142 ms

(n+4 NACK,

n+4 Re-Tx)
	0.2143ms

(n+3 NACK,

n+3 Re-Tx)

	(a) User plane latency with 10% HARQ BLER = (one way latency) + 0.1 x (HARQ RTT)
	0.6852 ms
	0.1643 ms

	(b) User plane latency with 1% HARQ BLER = (one way latency) + 0.01 x (HARQ RTT)
	0.5824 ms
	0.1450 ms

	User plane latency reduction = (a – b) / a * 100%
	15.0%
	11.7%


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 2: There is limited gain of user plane latency reduction of using CA packet duplication.

From above analysis, it can be seen that there is no strong motivation to apply CA packet duplication for DRB using RLC AM.
Observation 3: There is no strong motivation to apply CA packet duplication for DRB using RLC AM.

With regard to SRB, all the above discussion still applies. The above analysis for latency reduction gain might be even less relevant for SRB. Although it is desirable to minimize the latency for RRC signalling, it should be also noted that typically a large amount of time is allocated for RRC signalling processing. For example, in LTE, although 1ms TTI is used, typically RRC signalling processing delay is 15 to 20 ms at UE side (section 11 of TS 36.331 [3]). Although network behavior is not specified, it is not expected that network will process RRC signalling in a very fast manner. Therefore from overall processing perspective, there is little motivation to reduce the user plane latency for RRC signaling to URLLC level dramatically.
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 also 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 4: Reliability improvement of RRC signaling is beneficial for the UE in low SNR condition where CA is not likely configured. 
Observation 5: 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).
In summary, there is no strong motivation for configure CA duplication for SRB or DRB. 
Proposal 1: CA duplication is only configured for RLC UM.

Given above agreement, it is natural that there is no need to discuss the RLC failure case for CA duplication.
Proposal 2: There is no need to discuss the RLC failure case for CA duplication.
3      Conclusion
In this contribution, we discuss whether CA packet duplication should be supported for RLC AM. We have the following observations:
Observation 1: Due to intermodulation, UL CA typically reduces the coverage.
Observation 2: There is limited gain of user plane latency reduction of using packet duplication.
Observation 3: There is no strong motivation to apply CA packet duplication for DRB using RLC AM.
Observation 4: Reliability improvement of RRC signaling is beneficial for the UE in low SNR condition where CA is not likely configured.
Observation 5: There is no strong motivation to apply CA packet duplication for SRB.
We propose the following:
Proposal 1: CA duplication is only configured for RLC UM.
Proposal 2: There is no need to discuss the RLC failure case for CA duplication.
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