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[bookmark: _Ref460855997]Introduction
This contribution is an update of [1].
In RAN2#95, RAN2 provided a definition for multi-connectivity as follows:

	Multi-Connectivity:                Mode of operation whereby a multiple Rx/Tx UE in the connected mode is configured to utilise radio resources amongst E-UTRA and NR provided by multiple distinct schedulers connected via a non-ideal backhaul.



In this contribution we focus on intra-gNB multi-connectivity where the distinct schedulers are located in the distributed units (DU) of the gNB and where such DUs are connected to the gNB’s central unit (CU) via a fronthaul. We propose several UP stack improvements in support of the various fronthaul split options identified by RAN3.
Discussion
Fronthaul split options
RAN3 identified 8 fronthaul split options as illustrated in Figure 1. Given the above multi-connectivity definition, the candidate fronthaul options addressing multi-connectivity are those where the CU/DU split is above the MAC layer, namely options 1-4. Option 1 reflects the LTE DC option 1A where the bearers are split in the CN, which does not have any impact on the UP stack. From the leftover options involving split in the UP stack, the most relevant options are Options 2 and 3. Although Option 3 is further divided into 3.1 and 3.2, we only discuss Option 3.1 in this contribution. Figure 2 illustrates the multi-connectivity architecture with the 2 split options. We analyze in the following sections the potential improvements enabled by both architectures.


[bookmark: _Ref470014048]Figure 1: RAN3 fronthaul split options

 
[bookmark: _Ref470101384]Figure 2: Multi-connectivity with fronthaul split options 2 and 3.1
[bookmark: _Ref471489924][bookmark: _Ref470099699]Common improvements
Some potential improvements can be envisioned to the legacy UP stack in support of multi-connectivity as e.g. suggested in [2][3]: support of both RLC AM and UM, introduction of packet duplication in support of URLLC [4][5] (agreed in RAN2 Ad Hoc on NR) as well as leg switching. Such improvements should be studied irrespective of the selected architecture.
Proposal 1: Both AM and UM modes shall be supported in intra-NR multi-connectivity
Proposal 2: Leg switching shall be supported on top of split bearer in intra-NR multi-connectivity
UP-stack with fronthaul split Option 2
This is the legacy DC option 3C where the split occurs in PDCP. The main benefit of this option is that legacy stack can be re-used with potential improvements, as mentioned in Section 2.2. However, as discussed in the following section, we believe it is not best suited for the new challenges brought up in NR, specifically operations in high frequency (HF). 
UP-stack with fronthaul split Option 3.1
As shown in Figure 3 for the DL (UL is similar), this fronthaul split allows 2 options for locating the routing function in the UP-stack:
· Option 1: PDCP is the routing layer between DUs
· Option 2: RLC-high is the routing layer between DUs


 
[bookmark: _Ref470083511]Figure 3: Routing options with fronthaul split Option 3.1: in PDCP (left), in RLC (right)
Locating the routing function in the RLC provides a number of benefits elaborated in [6][7]. They can be summarized as follows:
· Can react quicker to HF leg failure than flow control mechanism
· Enables tight flow control without requiring PDCP involvement (so no cross-layer interaction).
· Does not require resetting RLC during cross-leg handover
· RLC SN allocation can be made independently from (and ahead of) the routing decision
· Only one single RLC ARQ and status report process is needed independently of the number of supported legs
· Allows independent routing of retransmissions from previous transmission(s), e.g.:
· switching legs for retransmissions
· duplicating retransmissions across legs
· Allows sending status reports in any leg, independently of the receiving leg, including e.g. duplicating reports across legs to improve the ARQ control messages reliability
We believe the above features will be key in addressing the new challenges resulting from operating in HF links which are well known for their abrupt and unpredictable signal losses [8]-[12].
On the other hand, option 1 is the only possible option for fronthaul split option#2, as well as the working assumption for LTE-NR interworking as agreed as early as in RAN2#94:

Agreements:
1 - 	DC approach for LTE-NR aggregation will be studied (FFS whether 3c/1a-like or other user plane architecture to be used)
1a	LTE as master and NR as master will both be studied..
2-	The CA based LTE-NR aggregation will not be studied as part of the study item

Agreements
1	Study both split bearer (3C bearers) and direct routing (1A bearers) for LTE-NR multi-RAT.

Therefore, option 1 will be supported at least for LTE-NR interworking and the question is whether it is worth the extra effort to also specify option 2 on top. From the above benefits, we believe option 2 should be studied further, however, given the stretch timing of NR specification schedule, it might be challenging to have it in phase #1. So we propose pushing this feature to phase #2.  

Proposal 3: Postpone to phase #2 the support of a routing function including splitting, switching and duplication in the RLC sub-layer in support of intra-NR multi-connectivity.
Conclusion
This contribution discusses some new UP stack functions in support of intra-gNB multi-connectivity for the two relevant fronthaul split options defined by RAN3. The associated proposals are:
Proposal 1: Both AM and UM modes shall be supported in intra-NR multi-connectivity
Proposal 2: Leg switching shall be supported on top of split bearer in intra-NR multi-connectivity
Proposal 3: Postpone to phase #2 the support of a routing function including splitting, switching and duplication in the RLC sub-layer in support of intra-NR multi-connectivity.
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