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1 Introduction

During RAN2 Ad Hoc NR#1 meeting, RAN2 has agreed that packet duplication is supported for user plane and control plane as follows:
Agreements:

1  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)

FFS whether packet duplication should also be supported for LTE-NR dual connectivity

2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

For the packet duplication in carrier aggregation, the following agreement has been made during RAN2#97 meeting:

Agreement :

-
For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.

FFS whether this is a single or two MAC entities

In this contribution, we would like to discuss more detail of packet duplication operation focusing on how and when duplication is performed. 
2 Discussion
2.1 Packet Duplication in Different Scenarios
Even though RAN2 agreed to support packet duplication for both DC and CA cases, we cannot say that packet duplication is always beneficial for UE and network. Therefore, packet duplication needs to be performed carefully when gain is expected. We can consider the following cases that packet duplication is beneficial: 
1) URLLC requirement cannot be fulfilled without packet duplication: 
Despite some efforts in physical layer, single transmission without packet duplication may not satisfy the URLLC requirements in some scenarios. For example, the number of physical resource blocks for URLLC may not be sufficient, especially in below 6 GHz frequency with limited bandwidth. Table 1 shows the required number of resource elements (REs) and resource blocks (RBs) and corresponding minimum bandwidth according to TB size under LTE numerology and ideal cases (i.e. All the OFDM symbols can be used for data transmission). If QPSK and 1/3 coding rate are applied for 100 Bytes TB size under 1-symbol TTI, 1200 REs and at least 20 MHz bandwidth are required. It is not clear that more than 20MHz bandwidth for URLLC can be always reserved per user. According to link-level simulation [3], 10-5 BLER for initial transmission can be achieved by QPSK and 1/3 coding rate at 1.5 dB SNR. Therefore, this scenario can happen in realistic situation when signal quality is below this value. Moreover, as the number of URLLC users increases, packet duplication with relatively higher MCS can be useful.
	TB Size
	Modulation
	Coding Rate
	Required #REs
	Required #RBs
	Required Minimum BW

	
	
	
	
	TTI: 
1-symbol
	TTI: 
2-symbol
	TTI: 
1-symbol
	TTI: 
2-symbol

	50 Bytes
	QPSK
	1/3
	600
	50 RBs
	25 RBs
	10 MHz
	5 MHz

	
	QPSK
	1/6
	1200
	100 RBs
	50 RBs
	20 MHz
	10 MHz

	
	QPSK
	1/12
	2400
	200 RBs
	100 RBs
	40 MHz
	20 MHz

	100 Bytes
	QPSK
	1/3
	1200
	100 RBs
	50 RBs
	20 MHz
	10 MHz

	
	QPSK
	1/6
	2400
	200 RBs
	100 RBs
	40 MHz
	20 MHz

	
	QPSK
	1/12
	4800
	400 RBs
	200 RBs
	80 MHz
	40 MHz


Table 1. Required number of RBs and minimum bandwidth for URLLC under LTE numerology (15 KHz subcarrier spacing, 1ms subframe)

2) Channel qualities for both links are bad and similar with each other.
When there are multiple links and channel qualities for both link are bad (e.g. cell edge), a single  transmission consumes large physical resources or may not guarantee URLLC service. In this case, packet duplication can be an efficient solution to achieve a diversity gain from multiple links. 

On the other hand, if channel qualities are asymmetric (i.e. one link is very good whereas the other is bad.), then single transmission via good link with robust MCS seems to be sufficient. In this case, not only packet transmission via bad link requires large amount of physical resources but also transmission via good link already meets the URLLC requirements. This case usually happens at cell center or LoS region.
3) Xn interface between MgNB (or MeNB) and SgNB (or SeNB) is almost ideal. 

In our previous paper [4], it was reported that, under non-ideal Xn (large Xn latency) between MgNB and SgNB, packet duplication does not have much latency improvement. The packet via SeNB leg experiencing Xn latency arrives late at the receiver. In this case, fast retransmission via MgNB may be much faster than initial transmission via SeNB. Therefore, we can say that almost ideal Xn interface will give the gain of packet duplication. By considering URLLC requirements, this Xn latency should be less than hundreds of microseconds.
4) Overall channel occupancy is low.

In case of light traffic load (e.g. most of physical resource for data transmission (e.g. PUSCH or PDSCH) is not assigned to UEs.), the link may assist another link’s reliable transmission by performing packet duplication. This gives scheduling flexibility to network.

Conversely, if the conditions above are not satisfied, packet duplication may not be necessary. Even in some cases, it may be wasteful. Therefore, packet duplication needs to be configured carefully to ensure its efficiency.

Observation 1. In some cases, packet duplication is beneficial for reliability or latency  whereas, in the other cases, packet duplication may not be necessary.

In typical network deployment, the network has sufficient information to know whether packet duplication under the current environment is effective or not. It is very difficult for UE to decide to perform packet duplication without network’s command or assistance. Furthermore, network can distinguish whether the duplication for each radio bearer is required or not, based on QoS flow ID, traffic characteristics or radio bearer identification. Thus, network should configure possibility of the packet duplication for each radio bearer.
Proposal 1. Network should configure whether packet duplication of each bearer is allowed or not.
2.2 Activation of Packet Duplication
As we discussed above, packet duplication may be beneficial in some cases and wasteful in the other cases. In this case, configuration of packet duplication may not be sufficient. This statement can be applied in mobility scenario as an example. Figure 1 shows the example of UE’s trajectory where best transmission scheme changes. In the figure, UE moves from the center of MgNB to the center of SgNB within the coverage of both gNBs. If there is gNB with strong signal quality, a single transmission with the gNB is sufficient and has the better performance in resource efficiency. Otherwise (i.e. UE is located in between), packet duplication can be chosen. This change may happen for a static UE with signal drop due to blockage. 
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Figure 1. Packet duplication and link selection in mobility scenario
In this scenario, configuration of packet duplication can be changed from duplication to single transmission and vice versa. We need to check how frequently the change occurs and how much increases control signaling. Duplication may need to be activated and deactivated dynamically even for the radio bearer that duplication is allowed by the network configuration. The activation and deactivation could be triggered by either pre-configuration or explicit signaling from network.  
Proposal 2. RAN2 to discuss whether activation and deactivation of packet duplication should be supported.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:

Proposal 1. Network should configure whether packet duplication of each bearer is allowed or not.
Proposal 2. RAN2 to discuss whether activation and deactivation of packet duplication should be supported.
. 
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