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1 Introduction

This paper discussed potential impact to user plane which may or may not be independent from UP architecture. The impact to PDCP and RLC layer is closely related to UP architecture. So this paper mainly focus on MAC layer which is separated between MeNB and SeNB for different radio bearer or part of radio bearer if bearer split is supported.
2 Discussion
Due to the fact that MeNB and SeNB is connected by non-ideal backhaul and due to short RTT in MAC layer it is not desired to coordinate between MeNB and SeNB by exchanging information over Xn or by the help of UE unless it is really necessary e.g. to avoid beyond UE’s capability. Coordination to improvement UE’s performance e.g. user throughput should be evaluated carefully. The main intention of such general proposal is to avoid unnecessary complexity for UE and network and keep MAC layer efficient.
Proposal1: coordination between MeNB and SeNB in MAC layer should not be introduced unless it is really necessary.
2.1 Random access procedure 
SeNB has quite similar role as SCell in CA configuration. And the RACH procedure will be triggered only by network for SCell to achieve uplink synchronization. The main reason is because there is only one PUCCH configured in PCell, so the only potential UE triggered RACH could also run in PCell but not in SCell. It seems most likely PUCCH channel will be introduced for SeNB otherwise all the uplink physical control information will be routed via Xn interface. If it is introduced, then PUCCH channel will be used to deliver CSI, HARQ ACK/NACK as well as scheduling request. RACH procedure will be triggered at least when PUCCH is configured but SR failed. 
Observation1: UE triggered RACH procedure for SeNB is needed in case PUCCH is introduced for SeNB. 
Observation2: contention-based RACH procedure is needed for SeNB
 For RACH procedure in SCell, message2 is received under PCell by sharing dedicated preamble between PCell and SCell. The main concern not to run RACH procedure under SCell independently is because of limited UE blind decoding capability for additional CSS. For SeNB, separated RACH procedure under SCell is necessary because otherwise RACH procedure is not feasible.
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Figure 1
In Figure 1, RAR from MeNB will be received after treatment in SeNB and MeNB and delay over Xn interface. Assuming it takes around 3ms for SeNB and MeNB to treat preamble and RAR respectively, the RAR will run out of UE’s receiving window in case delay over Xn is higher than 7ms. Another issue is the allocation of UL grant within RAR. Because SeNB can’t predict exactly when UE can receive RAR from MeNB, SeNB has to prepare redundant uplink radio resource. It of course wasted radio resource. Both problems are common for contention-based and non contention-based RACH procedure.
The simplest way to resolve these problems is to run independent RACH procedure between SeNB and UE. In this case UE has to decode PDCCH in CSS. Since it is RAN1’s expertise area, RAN2 should send one LS to confirm this conclusion.
Proposal2: to run independent RACH procedure between UE and SeNB
Proposal3: to confirm with RAN1 that UE support CSS in SeNB
2.2 Uplink scheduling issues i.e. BSR, LCP, SR
At RAN2#83 meeting during email discussion [82#17] all companies agree that SeNB should in charge of its own radio resource. This means SeNB has one independent scheduler both for DL and UL.
There are up to 4 logical channel groups in current specification. Assuming no radio bearer is split, separated LCG is necessary because radio bearer between MeNB and SeNB could have same LCG id. BSR then can be triggered and reported also separately between MeNB and SeNB. Scheduling request should also be triggered and sent independently between MeNB and SeNB for those radio bearers belong to different set of LCG. Logical channel priority (LCP) should run independently between MeNB and SeNB because they don’t share same radio resource except for UE’s transmission power.
In case activation/deactivation for SeNB is also introduced, then BSR of SeNB to trigger activation of SeNB should be sent to MeNB because this is only way to do it.
Proposal 4: for UP architecture 1A, 2A or 2C, separated set of LCG should be introduced for SeNB. BSR and SR should be triggered and reported independently. LCP should also run independently.
Proposal4a: in case activation/deactivation is introduced for SeNB, BSR should be reported to MeNB.
For UP architecture 3C and 3D, radio bearer will be split between MeNB and SeNB. In case uplink data arrives, both MeNB and SeNB should be notified. One issue is whether split radio bearer should also share LCG in MeNB and SeNB. If yes, how to account UP buffer considering PDCP or partial RLC will be shared between MeNB and SeNB. Because RAN2 hasn’t decided on UP architecture yet, those issues are put on the table for further study.  Correspondingly BSR and SR is also FFS. 
Split radio bear will join prioritization both in MeNB and SeNB. But it is not clear the relationship between LCP and load balance between MeNB and SeNB. So it should be also FFS.
Proposal 5: for UP architecture 3C and 3D, BSR, SR and LCP is FFS.
2.3 Power headroom reporting 
The pathloss reference of small cell should be the SIB2 linked DL carrier. This is mainly because UE is normally located closely to small cell and typical band for small cell is of high frequency spectrum. When UE moves across small cell, the pathloss change is also significant different between MeNB and SeNB. So it sounds like UE should trigger the PHR report independently between MeNB and SeNB.
On the other hand MeNB and SeNB share the UE’s transmission power. So some information should be shared by MeNB and SeNB to coordinate power control. PHR report is the key information from UE and it should be shared between MeNB and SeNB. The more PHR report is shared, the more accurate power control is. So no matter PHR is triggered due to pathloss (and/or power management) of any eNB, UE should trigger PHR report of MeNB and SeNB to both eNB. By sharing information over Uu, delay over Xn is saved. This is important thing because eNB need react to do power control very quickly.
Proposal6: to follow current PHR trigger principle i.e. PHR trigger is shared between MeNB and SeNB. Once PHR is triggered, UE should report PHR report of MeNB and SeNB to both eNB.
2.4 Impact on DRX
The QoS of radio bear configured in MeNB and SeNB could be quite different. For example DRB bearing VoIP is normally configured in MeNB which typical packet arrival interval is 20ms. DRB bearing e.g. HTTP is normally configured in SeNB which has completely different packet arrival interval. For UE supporting dual TX/RX, to enforce common DRX for independent scheduler is not necessary. Once DRX is decoupled between MeNB and SeNB, scheduler in MeNB and SeNB has more flexibility and UE will get more chance to save battery power.
The same principle could be also applied for UE with only one TX or UE in scenario1. Those UE suppose to work in TDM pattern between MeNB and SeNB. Compared to dual RX/TX UE, some coordination on DRX configuration between MeNB and SeNB is needed in such way that DRX pattern is more or less matched with TDM pattern, but not necessary the same.
Proposal7: DRX configuration should be decoupled between MeNB and SeNB
2.5 Activation/deactivation

Compared to normal RRC reconfiguration, the main benefit of activation/deactivation scheme is it can be done quickly in MAC layer. Scheduler can activate or deactivate SCell frequently to enable efficient scheduling algorithm. It is valuable to discuss whether same scheme can be adopted for SeNB.
In case of UP architecture 1A/2A/2C i.e. no radio bearer split is enabled, radio bearer in SeNB should be removed back to MeNB when no packets are buffered for period time. This is because NAS will be involved if the radio bearer in SeNB is deleted directly. Afterwards if DL packet arrives in MeNB or BSR is reported to MeNB for intended radio bearer, then MeNB can setup intended radio bearer again in SeNB. Typical procedure is indicated by Figure 1. 
In case of UP architecture 3C/3D i.e. radio bearer split is enabled, NAS will not be involved during RRC reconfiguration of the partial radio bearer in SeNB. For 3C and 3D, no PDCP SDU need be forwarded back when partial radio bearer in SeNB is released. In this case partial radio bearer in SeNB can be release directly without moving back to MeNB. Typical procedure is indicated by Figure 1.
Alternatively SeNB need be activated when DL or UL packets arrive after some silent period. In UL, BSR from SeNB will be sent to MeNB and so MeNB can activate SeNB directly by notify SeNB and UE simultaneously. In DL if DL packet is routed via MeNB (for 2A/2C/3C/3D) MeNB can also do the same thing. If DL packet is routed to SeNB (1A), then MeNB should be triggered by SeNB to activate SeNB.

[image: image2.emf]MeNB SeNB UE

1,SeNB Reconfig Request

2,SeNB Reconfig Ack 3,RRC Connection Reconfig

4,Access to synchronize

5,RRC Conn Reconfiguration 

complete

Trigger

RAC


Figure 1 add partial radio bearer in SeNB
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Figure 2a activate SeNB (except for 1A)           Figure 2b activate SeNB (1A)
Let’s assuming delay over Xn is 10ms for UP architecture except for 1A and 30ms for 1A [1]. And additional treatment of RRC message is 20ms besides RACH procedure for synchronization [2]. Assuming activate command is signalled by MAC layer and require 5ms [3].
The total delay for Figure 1 assuming UP architecture except for 1A is 40ms while 10ms for Figure2a i.e. the longest one between activate command over Uu and Xn. 
The total delay for Figure 1 assuming UP architecture 1A is 80ms while 35ms because activate command is signalled by MeNB after it is triggered by SeNB.
Proposal8: RAN2 discuss whether activation/deactivation procedure is needed
3 Conclusion
Proposal1: coordination between MeNB and SeNB in MAC layer should not be introduced unless it is really necessary.
Proposal2: to run independent RACH procedure between UE and SeNB
Proposal3: to confirm with RAN1 that UE support CSS in SeNB
Proposal 4: for UP architecture 1A, 2A or 2C, separated set of LCG should be introduced for SeNB. BSR and SR should be triggered and reported independently. LCP should also run independently.
Proposal4a: in case activation/deactivation is introduced for SeNB, BSR should be reported to MeNB.
Proposal 5: for UP architecture 3C and 3D, BSR, SR and LCP is FFS.
Proposal6: to follow current PHR trigger principle i.e. PHR trigger is shared between MeNB and SeNB. Once PHR is triggered, UE should report PHR report of MeNB and SeNB to both eNB.
Proposal7: DRX configuration should be decoupled between MeNB and SeNB
Proposal8: RAN2 discuss whether activation/deactivation procedure is needed
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