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1 Introduction
At last RAN2#83bis meeting it is agreed that RAN2 should continue study UP architecture 3C i.e. bearer split is supported. And RAN2 also not excluded bearer split in the uplink direction. However two main issues are left open as following:
1, to solid the supporting for bearer split in uplink or exclude it from study phase

2, whether bearer split is also supported for SRB? If yes, how does it work?

This paper tries to discuss these two open issues.
2 Bearer split in uplink
RAN2 agreed that there are potential gain on per user throughput based on following assumption [annex F,1]:
-
If all the following conditions are fulfilled, it seems possible to achieve gains close to the technology potential in terms of per-user throughput by means of inter-node radio resource aggregation:
a)
Xn is not the bottle neck.

b)
Xn is loss-less and causes no re-ordering.

c)
Xn offers latency of 5-30ms.

d)
Flow Control is used from SeNB towards MeNB.

e)
Flow Control commands are sent frequently.
f)
The load in the system is low to medium.

g)
Users are distributed appropriately (number of UEs served by the macro cell is sufficiently low so that it has resource to allocate to pico UEs).

h)
Bearer split is supported.

It is believed the essential difference between downlink and uplink bearer split is how to decide which packet to go through which RLC path. In downlink flexible flow control is the key aspect to achieve such throughput gain which is based on statistics e.g. load, buffer in SeNB as well as corresponding delay and measurement feedback e.g. RSRP/RSRP or CSI etc. 

In uplink if such issue can be resolved, then it can be also concluded that user throughput in uplink could be also achieved. In uplink eNB scheduler’s algorithm is mainly based on following assistant information:

a) Buffer status report from UE
b) Measurement based on sounding reference

c) Load information between MeNB and SeNB

d) Priority of logical channel

eNB can get c) by exchanging information between MeNB and SeNB. Current X2 specification already supports such signalling procedure. It could be expect such procedure will be also available for Xn interface. d) is known by eNB in advance upon setup of radio bearer. And it could be expected that independent sounding reference resource will be assigned and operated separately between MeNB and SeNB. So the only left important information is BSR from UE. However for split bearer, how to treat BSR is not so clear.
There are two parts of “data available for transmission”, one is in PDCP layer (section4.5, [2]) and another one is defined in RLC layer (section 4.5, [3]). In UP 3C , PDCP layer is shared between MeNB and SeNB while RLC entity is independent from each other. Then the essential question is how to split the “data available for transmission” in PDCP layer.
There are mainly two alternatives:
· Alt1: it is up to UE’s implementation i.e. UE decides to split the buffer in PDCP layer

· Alt2: it is up to eNB’s implementation i.e. eNB decide to split the buffer implicitly by scheduling

In alt1 UE will report BSR separately to both MeNB and SeNB and reported BSR is not redundant in terms of PDCP buffer i.e. they are split. It is FFS whether MeNB and SeNB should exchange the information for e.g. load balance purpose. MeNB and SeNB schedule UE based on received BSR and other assistant information. The main benefit is its simplicity because there is no impact on current specification. The main problem is different UE vendor could have different algorithm to split the PDCP buffer between MeNB and SeNB. In this case it could be bit difficult for eNB to control UE’s behaviour which is not so acceptable both for network vendor and operators.
In alt2 UE can also report BSR separately to both MeNB and SeNB and reported BSR is exactly the same i.e. PDCP buffer is redundant both for MeNB and SeNB. MeNB and SeNB can do the scheduling based on some coordinated principle before. Another approach is UE can report the BSR only to either MeNB or SeNB, and then BSR is forwarded over Xn. This alternative needs some standardization work to define UE’s behaviour for split radio bearer in terms of bearer split. Once UE receive the UL grant and starts to decide which buffer to go for which UL grant of MeNB or SeNB, the buffer status itself will also impact LCP algorithm. Since there are only few ms (less or equal to 3ms for FDD) for UE to run the LCP one specific UL grant, it is believed that mainly RLC buffer will matter which is independent from each other. 
For alt2 another issue is how to trigger SR. it is actually up to how to send BSR. If BSR is sent to both MeNB and SeNB, then SR should also be sent to both MeNB and SeNB based on same SR trigger. If BSR is sent to only one node e.g. MeNB, then SR should only be sent to MeNB.

In summary it seems alt2 is feasible and can work better than alt1. Furthermore the complexity due to such solution could be also acceptable. 
Based on above analysis we propose:
Proposal1: bearer split in uplink direction should be supported

3 Bearer split for SRB
The main idea of bearer split for SRB is to improve the reliability of SRB by sending the same RRC message via two paths, namely MeNB and SeNB.  
First of all it is questionable whether such improvement is really needed. The main use case is the signalling when UE moves into and out of the small cell. When UE moves into the small cell, this scheme can’t be applied because no radio bearer is available yet on SeNB. So most likely the main use case is the signalling when UE moves out of the small cell. At that moment the connection between UE and small cell is degrading. So to send via the path between UE and SeNB doesn’t help too much. Another point is the signalling connection between UE and MeNB should be reliable sufficiently otherwise RLF would occur to the UE when there is no dual connectivity.
Observatoin1: the use case for SRB split is limited and it is not so helpful considering signalling connection between UE and eNB is already sufficient high.

Assuming SRB will be split, let’s see what the potential impact on existing dual connectivity solution is. There are mainly two alternatives:
· Alt1: the RRC message is duplicated in RRC layer and sent via PDCP layer. PDCP layer however should be told that these two PDCP SDU must go through different paths
· Alt2: only one RRC message is generated in RRC layer and PDCP is told that this PDCP SDU should be duplicated with same PDCP SN and sent via different paths
It should be noticed that due to the delay over Xn, the RRC message via SeNB will be most likely later than the RRC message via MeNB. When UE moves out of small cell, it may result in more delay over Uu interface due to degrading radio connection between UE and SeNB. Alt1 will thus cause risk that RRC layer may treat the same RRC message twice because of this extra delay or new scheme should be introduced in RRC layer to do duplication detection.
Al2 requires transmitter to duplicate PDCP PDU and send these two via both MeNB and SeNB. If SRB split is done only in downlink actually it could be done by kind of eNB implementation despite complexity of eNB. However PDCP receiver in UE will be also impacted. Current PDCP specification (section 5.1.2.2, [2]) specifies UE’s behaviour. The logic related to SN and HFN is cited as bellow:
If received PDCP SN < Next_PDCP_RX_SN
decipher and verify the integrity of the PDU (if applicable) using COUNT based on RX_HFN + 1 and the received PDCP SN as specified in the subclauses 5.6 and 5.7, respectively
 else:

 decipher and verify the integrity of the PDU (if applicable) using COUNT based on RX_HFN and the

received PDCP SN as specified in the subclauses 5.6 and 5.7, respectively;
if integrity verification is applicable and the integrity verification is passed successfully
 set Next_PDCP_RX_SN to the received PDCP SN + 1;
…
- else, if integrity verification is applicable and the integrity verification fails:

- discard the received PDCP Data PDU
So when first PDCP PDU is received Next_PDCP_RX_SN will be increased by one. Then when 2nd PDCP PDU with same PDCP SN is received integrity verification and decipher will fail because UE will use RX_HFN+1 instead of RX_HFN. PDCP layer will discard this late PDCP PDU with same SN and report integrity verification fails to RRC layer which will initiate RRC connection re-establishment afterwards.
So it is clear that PDCP protocol need be updated to support duplication detect of PDCP PDU for SRB. In case SRB split is to be supported also in uplink then above mentioned modification for transmitter should be also specified. However current PDCP protocol doesn’t differentiate between SRB and DRB in terms of transmitter. So thus potentially means another section for SRB need be introduced just like PDCP receiver for SRB.
Observation2: if SRB split in downlink is supported, PDCP receiver for SRB need be updated to support duplication detection.  
Observatoin3: if SRB split in uplink is supported, special treatment for SRB in PDCP should be introduced.

Proposal2: based on observation1,2 and3, SRB split should not be introduced 

4 Conclusion 

Proposal1: bearer split in uplink direction should be supported

Proposal2: based on observation1,2 and3, SRB split should not be introduced 
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