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1 Introduction

In the last RAN2 meeting (#83-bis), the motivation to send RRC signalling via the SeNB and modelling possibilities were briefly discussed. Now, since the UP Architecture is shortlisted to 1A and 3C, this paper discusses these as the basis for clarifying the Signaling Bearer Splitting aspects (need, modeling etc.).
2 Discussion
So far there was no/ not much discussion if UE protocol architecture should be same as/ different from the UP protocol architecture. Therefore, this paper considers the said UP architectures as baseline for further discussion.
2.1 What is SRB Splitting?

In LTE there is no segmentation at RRC and therefore RRC submits only one CCCH/ DCCH PDU to lower layers irrespective of the size of the message. Further, it is beneficial if the lower layer behaviour would be same as in User Plane splitting (e.g. below PDCP for 3C). Taking into account these things, SRB splitting should be functionality at RRC protocol. SRB Splitting could be:

1) Same RRC Message being duplicated on both (MeNB and SeNB) the links; 

this will be helpful for situation when due to bad radio condition the delivery of the RRC message cannot be guaranteed on the MeNB link.
2) The possibility to send a particular RRC Message on only the SeNB link; 

this will be helpful when it is clear that MeNB link is not available.
3) RRC re-transmission on a SeNB link upon the delivery failure notification from the MeNB link

The behaviour required for 3) will likely introduce new delays in RRC procedure, introduce RRC book keeping, cross layer dependencies etc. with only gain of avoiding duplicate discarding functionality. Therefore, 3) is not a favourable way to achieve SRB splitting.

Further, 2) above can be treated as a special case of 1) when MeNB link is not available. Therefore, as the most generic case, the paper considers duplication of RRC Message as the main candidate for SRB Splitting.
Proposal 1: SRB Splitting is “duplication of (required) RRC Message on both (MeNB and SeNB) the links”.

2.2 Motivation/ need for SRB Splitting
So far “RRC diversity” has been mentioned as a general concept but it is not so clear if it refers to 1), 2) or 3) in the above section. Contribution [1] intended to clarify that the main benefits of SRB Splitting could be realized for Mobility Robustness (including HOF and RLF). However some concerns were expressed on why enhancements in HOF/ RLF are required in Dual Connectivity when the Macro Cell could provide a large coverage!
The Small Cell Study Report [2] identified MRO as a problem in Scenario 2.
	In summary, the following are observed:

-
Mobility robustness in Scenario #2 is not as good as in a macro only network, but less of a problem than in Scenario #1 if no DRX is used.

-
The HO performance is degraded if longer DRX is used.
-
If the HO threshold to small cells is set such that UE stays longer in small cells, the HO failure and ping pong from a small cell to a macro cell is increased.


Further, TR for Mobility enhancements in heterogeneous networks [3] indicates that HOF/ RLF in Macro-Macro layer mobility is at least 1/3 as worse as that of Pico to Macro case (Annex 1); combined with the Small Cell Study Report, the MRO in Scenario 2 could only be worse!! 

So, it is proposed to use SRB splitting as an option to minimize or even eliminate MRO issues using dual connectivity unless:
A) A UE based solutions for mobility robustness from “WI: HetNet mobility enhancements for LTE” is adopted that can also be applied here; or,

B)    The cost of SRB Splitting is very high (e.g. needs many changes on top of 1A/ 3C).

Proposal 2: SRB splitting is used as an option to minimize MRO issues (HOF, RLF) in dual connectivity.
2.3 Modelling SRB Splitting
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There are 2 main possibilities to model this. In Alt. 1, on transmitter side, a UE/ network implementation will ensure that RRC Messages are duplicated on to RLC-S and RLC-M and upon reception the duplicate can either be discarded at

· PDCP; if it duplicated the PDCP PDUs (so same PDCP SN) on to the different RLC entities:

· This would be a new PDCP behaviour for SRBs (at re-establishment or normal time)

· RRC, based on the rrc-TransactionIdentifier; when e.g. 2 DCCH messages with the same content were submitted on to PDCP one after the other (but the implementation changed the SAP between PDCP <-> RLC on these occasions)
Alt. 2 uses an exclusive SRB towards the SeNB (i.e. configured separately to the UE) but since there is no RRC from UE perspective per se in SeNB and also PDCP-S should use the same configuration and Keys as that of PDCP-M (3C); this option is essentially same as Alt. 1 where the duplication needs to be detected at RRC level. The benefit however is that this option can be also used for 1A when PDCP-S use a different configuration/ Keys than that of PDCP-M.
Another difference between Alt.1 and Alt2 is the location of functionality to select MeNB link or SeNB link. In Alt.1, the bearer selection is realized by PDCP. In Alt.2, the bearer selection is realized by RRC. If it is located in RRC, to select/duplicate bearer depending on RRC knowledge is easier than it to be realized in PDCP.
Therefore, Alt. 2 appears more generic in its adaptability to both 1A and 3C (PDCP-S = PDCP-M). 

As a final point, in Arch. 1A, it is not immediately clear if RRC messages would be routed to SeNB via the CN in the DL (and to the MeNB via SeNB and CN in UL). This is FFS and therefore;

Proposal 3: Alt. 2 is adopted as way forward for modelling SRB splitting in Dual Connectivity.
Proposal 4: RRC based duplicate discarding based on rrc-TransactionIdentifier is agreed.

The DL situation is controlled by the network and it can determine when it needs to split the DL SRB. In UL when the UE is allowed to do the same should be controlled either statically by specification (e.g. for specific functionalities like reporting MeNB RLF) or by specified configuration so that arbitrary UE behaviour do not duplicate un-necessarily and more importantly it knows when the network supports such SRB splitting (since it affects the SeNB configuration as well).
Proposal 5: SRB splitting in the UL should be in network control.
2.4 Relation to RLM/ RLF functionality

It is FFS if the Radio Link Monitoring and consequent RLF procedure will be performed on the SCG. However, even if so, the same can be reported to network RRC using the MeNB link. The motivation for SRB splitting is different - the MeNB link is not available and the RLF report of the MeNB could be sent to network RRC using the SeNB link. As explained in Section 2.2, the Macro layer RLF is not negligible and therefore could be improved using Dual Connectivity.
Proposal 6: Macro layer RLF is informed to network using the SeNB link.
Our view is the Radio Link Monitoring on SeNB is required in order to judge whether (and how long) to keep/ reserve the resource towards this UE or not. CSI of SeNB link is proposed to be passed only to SeNB. Therefore, we propose SeNB's radio link monitoring status is informed to MeNB from UE.
Proposal 7: SeNB layer radio link monitoring condition can be informed to network using the MeNB link.
3 Conclusions
This paper discussed the motivation to send RRC signalling via the SeNB and modelling possibilities for Splitting SRBs. Following proposals are made:
Proposal 1: SRB Splitting is same RRC Message being duplicated on both (MeNB and SeNB) the links.

Proposal 2: SRB splitting is used as an option to minimize MRO issues (HOF, RLF) in dual connectivity.

Proposal 3: Alt. 2 is adopted as way forward for modelling SRB splitting in Dual Connectivity.

Proposal 4: RRC based duplicate discarding based on rrc-TransactionIdentifier is agreed.

Proposal 5: SRB splitting in the UL should be in network control.

Proposal 6: Macro layer RLF is informed to network using the SeNB link.
Proposal 7: SeNB layer radio link monitoring condition can be informed to network using the MeNB link.
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5 Annex

	5.5.2.2
Handover failure performance for HetNet and legacy systems

Table 5.5.2.2.1: Average Handover performance for HetNet and legacy systems from calibration

Handover performance in HetNets

legacy macro only system

Handover state

Handover metrics

macro-pico

pico-macro

macro-macro

pico-pico

Overall

macro-macro

2

HOFs/UE/s

0.000443

0.001544

0.001779

0.000009

0.003823

0.001772

HO failure rate [%]

3.718587

8.084919
2.681814
2.489887

3.747914

2.048109

3

HOFs/UE/s

0.000298

0.000110

0.000769

0.000012

0.000987

0.000539

HO failure rate [%]

0.971877

1.205913

0.780786
1.406523

0.808520

0.507133

Total

Successful HOs/UE/s

0.013475

0.012736

0.072154

0.000237

0.098603

0.087906

HOFs/UE/s

0.000735

0.001622

0.002413

0.000021

0.004617

0.002234

HO failure rate [%]

4.675501

10.453351

3.461802

4.076629

4.629233

2.446505

5.5.2.1
RLF performance for HetNet and legacy systems

Table 5.5.2.1.1: RLF performance for HetNet and legacy systems from calibration

State 1

State 2_Normal

State 2_HOF

Overall

Average for HetNet

0.000018

0.000001

0.003460

0.003477

Average for macro/macro only

0.000013 

0.000000 

0.001223 

0.001236 
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