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1 Introduction

 Recent email discussion [82#18] argues minimum UE capability for each challenge issue on each small cell deployment scenario [1]. Prefered minimum UE capability was suggested and possible solutions were introduced to enable UE operation on each small cell deployment scenario with the capability.
 Regarding small cell deployment scenario 1, most companies think minimum UE capability is single TX/RX since only single frequency carrier is utilized in senario 1. And in order to satisfy the requirement and solve SCE challenge issues (signaling load, mobility robustness) in scenario 1, companies suggest three possible alternative solutions; RRC diversity, Single path RX/TX, HetNet enhancement solution (except for RRC diversity). This contribution intends to compare each alternative solution over each SCE challenge issue and introduce difficulties for each one.
2 SCE alternatives in small cell deployment scenario 1
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Figure 1: SCE alternatives in small cell deployments scenario 1
SCE alternatives for small cell deployment scenario 1 suggested in [1] on dual connectivity are depicted in Figure 1. Gray region means coverage of macro cell and orange region one of small cell. And yellow line is S1-MME connection, pink line data packet path, azure line RRC signaling path.
(A) RRC diversity (Alt. A)
It seems to be a kind of dual connectivity. RRC connection between UE and SeNB (Secondary eNB) would also exist while RRC connection between UE and MeNB (Master eNB) exists. However, the coexistence could be instantaneous, e.g. only during handover procedure.

- S1-MME connection: There would be no change of S1-MME connection during inter-SeNB handover.
- RRC connection: RRC connections for UE-to-MeNB and UE-to-SeNB would coexist with TDM manner semi-persistently or temporarily. RRC signaling would be transmitted with TDM manner by MeNB or SeNB.
- Data path: Data would be mainly transmitted by SeNB. However, some data would be transmitted by MeNB.

(B) Single path RX/TX (Alt. B)
MeNB would act only as anchor eNB without radio connection. There is no real RRC connection between UE and MeNB, and only real one exist between UE and SeNB. Data transmission would also occur only between UE and SeNB.
- S1-MME connection: There would be no change of S1-MME connection during inter-SeNB handover.
- RRC connection: There would be no actual RRC connection between UE and MeNB. Some virtual RRC connection between UE and MeNB could be needed.
- Data path: Data would be tranmitted only via SeNB and MeNB would forward data from S-GW to SeNB for the UE.
(C) HetNet mobility enhancement except for RRC diversity (Alt. C)
Handover would occur when UE moving into SeNB coverage away from MeNB (or another SeNB). However, the handover could become more robust if enhancement of solutions suggested in HetNet mobility enhancement WI [2] is applied, e.g. eMSE, early HO preparation, type-based HO, and so on. There would be no mobility anchor.
- S1-MME connection: There would be change of S1-MME connection when inter-SeNB handover (In Alt. C, secondary eNB would not exist. Here, inter-SeNB handover means one between small eNBs.) happens because there is no mobility anchor.
- RRC connection: There would be only one RRC connection for the eNB covering the UE.
- Data path: Data path from S-GW would change when eNB is changed.

3 Comparison of alternative solutions
In this section, the benefit of each alterrnative over each SCE challenge in scenario 1 is presented from SCE challenge issue point of view. And difficulties to apply each alternative in scenario 1 and some concern points are described.

<Alternative. A>
1. Benefit
- ‘Signaling load to CN’ SCE challenge issue
: Path change signals to CN would be reduced since mobility anchor is not changed.
- ‘Mobility robustness’ SCE challenge issue
: Mobility could become more robust due to RRC diversity.
2. Difficulties
- How to maintain RRC connection?

: In order to transmit RRC signaling to UE from both eNB, UE should maintain RRC connection with both eNB. To maintain RRC connection means that essential SIB information and dedicated RRC information for both eNB should be maintained by the UE. However, how UE achieve the information simultaneously is FFS.
- How to maintain DL synchronization and to receive PDSCH with proper CQI (temporarily with dual connectivity)?
: Before receiving PDSCH, UE should get the synchronization with the corresponding cell. If temporary dual connectivity for RRC diversity, e.g. only during handover procedure, is assumed, the synchronization with temporary connected cell might be inaccurate and therefore UE can hardly receive proper in-sync PDSCH.
 Other than that, for temporary RRC connection, CQI report would not be tranmitted to eNB. Then, the eNB could not grant PDSCH resource with optimized CQI for the UE. However, if eNB implementation allow only the lowest CQI grant for SRB, the optimization would not be an issue.
- How to prevent simultaneous UL transmission with condition that different TA values are assumed?
: TA value for each eNB is not same due to different path. Hence, to perform RRC signaling with TDM manner, some guard time at the transient time from MeNB to SeNB (or from SeNB to MeNB) would be required. Unless guard time is prepared, simultaneous transmission duration for both eNB would happen and it could not be allowed based on one RF in scenario 1. Those guard time would cause throughput performance degradation.
- Really to achieve mobility robustness effectively by delayed HO command via non-ideal backhaul?

: In condition of non-ideal backhaul, 15~60ms delay is assumed [3]. Hence, one of HO commands from MeNB and SeNB would be delayed to be given to the UE. The delayed HO command could be useless because some contributions in HetNet WI shows that late HO decision cause the increase of HO failure rate.

Observation 1 (for Alt. A): UE should maintain RRC connection and DL synchronization for both eNB. However, that would require complex procedure. Further, eNB implemenation would be restricted to allow only the lowest CQI grant for SRB because there is no available CQI feedback.
Observation 2 (for Alt. A): Some guard subframe is required to prevent simultaneous UL transmission due to M-TA over different eNBs at transient duration when target eNB for UL transmision is changed.

Observation 3 (for Alt. A): Delayed HO command due to non-ideal backhaul would diminish the gain from RRC diversity.
<Alternative. B>
1. Benefit

- ‘Signaling load to CN’ SCE challenge issue
: Path change signals to CN would be reduced since mobility anchor is used. Legacy UE could get the gain because mobility anchor could be blind to the legacy UE.
- ‘Mobility robustness’ SCE challenge issue
: Enhancement would not be expected.
2. Difficulties
- New UP/CP (Control Plane) architecture on dual connectivity?

: Currently, two options (C1 and C2) have been introduced as possible CP architecture in TR36.842 [4]. C1 seems to be a kind of centralized RRC and C2 to be a kind of distributed RRC. Difference between two options is that the location of final RRC message composition is not same. Even though, all options would have RRC information for both MeNB and SeNB. However, this alternative (Alt. B) would require only single RRC for SeNB. This architecture seems to be new one and should be introduced in TR36.842 [4].
 Regarding UP architecture, this alternative seems to suggest SRB only on SeNB. This kind of RB dispoisition would be also new one and should be introduce in TR36.842 [4].
- Is it really beneficial to reduce signaling load to CN with regard to signaling increase in Xn interface?

: Many companies expect in email discussion [1] that this alternative (Alt. A) reduce signaling load to CN due to path change following handover. However, it is wondered whether signaling load reduction is beneficial with regard to signaling increas in Xn interface. In this alternative, MeNB would have no actual radio connection with UE and act only as mobility anchor like MME. In order to blind path change signaling to CN during inter-SeNB handover, MeNB would maintain UE context belonging to SeNB even without actual RRC connection. Hence, MeNB would exchange UE context with SeNB interactively. That would mean the increase of signaling over Xn interface. This increase of signaling over Xn interface would cause the backhaul resource consumption between MeNB and SeNB and hence legacy heterogeneous handover between MeNB and SeNB might suffer from shortage of backhaul resource. It should be checked by RAN3 WG whether this impact is critical or not.
Observation 4 (for Alt. B): New UP/CP architecture would be required on dual connectivity.
Observation 5 (for Alt. B): The increase of signaling over Xn interface to exchange UE context between MeNB and SeNB interactively might make the backhaul resouce for X2 interface of legacy handover narrow. It should be checked by RAN3 WG whether this impact is critical or not.
<Alternative. C>
1. Benefit

- ‘Signaling load to CN’ SCE challenge issue
: Enhancement would not be expected on current suggested solutions in HetNet WI.
- ‘Mobility robustness’ SCE challenge issue
: Enhancement should be achieved. Especially, some solutions could give the benefit to legacy UEs.
2. Difficulties
- There would be no special challenge points. It would depend on the result of HetNet WI.
Observation 6 (for Alt. C): This alternative could obtain the gain of reduction of signaling overload to CN. However, there is not special challenge points and could give the benefit to legacy UEs.
Following table shows the summary of observations;
Table 1: Summary of observations for alternatives

	
	(A) RRC diversity
	(B) Single path RX/TX
	(C) HetNet WI solution

	Expected Benefit
	‘Signaling overload to CN’
- could reduce signaling load overload

‘Mobility rebustness’
- might enhance mobility robustness. (not sure)
	‘Signaling overload to CN’
- could reduce signaling load overload

- legacy UE could also obtain the gain

‘Mobility rebustness’
- No gain
	‘Signaling overload to CN’
- No gain
‘Mobility rebustness’
- could enhance mobility robustness
- legacy UE could also obtain the gain

	Difficulties
	- Complex procedure is required to maintain dual connectivity (issue on essential configuration message and DL synchronization)
- Restriction on eNB implementation of PDSCH scheduling for RRC signaling

- Guard subframe for M-TA

- HO command with non-ideal backhaul delay
	- New UP/CP architecture on dual connectivity would be required.
- Increase of signaling for UE context exchange on Xn interface is expected.
	- No special challenge points. It would depend on the result of HetNet WI.

	Concern Points
	- It should be checked whether HO command with non-ideal backhaul delay can really give the diversity gain to UE.
	- It should be checked by RAN3 whether increase of signaling for UE context exchange on Xn interface is critical impact on legacy handover on the X2 interface with same physical backhaul.
	- No critical concern points except for no gain on signaling load overload reduction.


Signaling load overload reduction have been approved on SCE SI until now. However, alt least assuming small cell deployment scenario, it would need to be checked whether the challenge issue is really solved because one solution have too big standard work for enhancement and another would be unclear for the gain and require additional standard work.
Proposal 1: Table 1 would be helpful to progress the study about SCE in small cell deployment scenario 1.
Proposal 2: RAN2 is kindly requested to check whether signaling overload challenge issue needs to be solved in small cell deployment scenario 1.
4 Conclusion

Proposal 1: Table 1 would be helpful to progress the study about SCE in small cell deployment scenario 1.

Proposal 2: RAN2 is kindly requested to check whether signaling overload challenge issue needs to be solved in small cell deployment scenario 1.
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