3GPP TSG-RAN WG2 Meeting #93bis
R2-162639
Dubrovnik, Croatia, 11 - 15 April 2016
Agenda item:
7.14.3.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
NB-IoT – Further details on RA procedure for supporting multiple PRBs
WID/SID:
NB_IOT-Core - Release 13
Document for:
Discussion and Decision

1
Introduction
RAN2 #93 agreed followings related to the RA procedure and multiple PRBs support. [1]:
· RAN2 assumes that PDCCH order is supported for DL data arrival 
· RA procedure is performed on an anchor PRB
· If the UE needs to perform a RA procedure while on the non-anchor carrier (e.g. due to SR or PDCCH order) it goes back to the anchor carrier and stays there throughout RRC_CONNECTED or until re-assigned to another PRB
· may consider the mechanism to go back to the non-anchor PRB after the RA procedure
In this contribution we consider further details based on the already agreed aspects for RA procedure considering the multiple PRBs support and propose possible way forwards. 
2
Discussion
The eNB will transmit a PDCCH order to the UE when UE is not synchronized in UL during the course of the connection. With legacy LTE, the PUCCH resource may be released in case of Time Alignment timer expiry, i.e. there will be no PUCCH resource configured for UE when UE loses the UL synchronization. The PDDCH order then triggers a RA procedure in order to get the UL Timing Advance, and normally the RRC Connection Reconfiguration procedure will be followed after RA to configure the necessary PUCCH resource.

However for NB IoT, RAN1 #84 [2] agreed that dedicated SR is not supported in Rel-13 NB-IoT, the ACK and/or NACK corresponding to NB-PDSCH is transmitted via PUSCH with new defined UCI format. Thus there will be no PUCCH for NB IOT, and the resource for sending HARQ feedback will be indicated by NB-PDCCH DCI. The dedicated RRC signalling for configuring legacy PUCCH would not be required and operation upon the TA timer expiry is not applicable anymore. E.g., the RRC Connection Reconfiguration procedure during RA procedure might not be necessary from PUCCH resource configuration point of view.

Observation 1: No PUCCH resource needs to be configured during RA procedure when UE is out of sync in UL.

RAN1 had discussion whether SR could be piggybacked to the HARQ A/N transmission. When UE has UL in the buffer, it is likely there will be no SR resource available if the SR transmission relies on when the HARQ feedback is sent. As a result, the UE then needs to trigger RA procedure to request the UL grant, the number of RA procedure triggered may increase comparing with legacy LTE system. 
Observation 2: The NB IoT UE may trigger RA frequently due to no dedicated SR resource assignment.

For supporting multiple PRBs, RAN2 agreed if the UE working on the non-anchor carrier (e.g. due to SR or PDCCH order) needs to perform a RA procedure it goes back to the anchor carrier and stays there throughout RRC_CONNECTED or until re-assigned to another PRB.  For C-plane solution, a non-anchor PRB can be configured only when the RRC connection is established (i.e., Msg.4), the UE has to work in the anchor PRB after the RA procedure to get synchronization in UL. However the CP solution is targeted to support infrequent small data transmissions that UE will immediately goes to IDLE state after exchanging a busty of packets with network. Due to the short stay in CONNECTED state, the UE would not consume too much resource from the anchor carrier. 
Observation 3: For CP solution, the impact to the spectrum utilization to keep UE in anchor carrier is negligible. 
The resource in anchor carrier is very limited because it contains NB-PSS/SSS, NB-PBCH and all the broadcast messages. Thus for UP solution which supports more user plane traffic, to keep the UE in the anchor carrier may not be optimal from the resource utilization point of especially if there are large number of UEs supported by the cell 
Observation 4: For UP solution, resource utilization efficiency will decrease significantly if the UE is kept in anchor carrier after RA procedure.
To balance the load and utilize the frequency resource more efficiently among the frequency carriers, it would be desirable to assign non-anchor carrier for the UE when it is in CONNECTED state. RAN2 has considered the mechanism to configure a non-anchor PRB after the RA procedure. As per the agreement, for U-plane solution, a non-anchor PRB can be configured when an RRC connection is (re)established, resumed or reconfigured, the RRCConnectionReconfiguration message looks feasible and applicable for assigning a non-anchor PRB for UE during RA.
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Observation 5: The non-anchor carrier could be configured during RA procedure 
3
Conclusions
This contribution analysed the multiple PRBs support during RA procedure, the following observation were made. 

Observation 1: No PUCCH resource needs to be configured during RA procedure when UE is out of sync in UL.

Observation 2: The NB IoT UE may trigger RA frequently without dedicated SR resource assignment.

Observation 3: For CP solution, the impact to the spectrum utilization to keep UE in anchor carrier is negligible. 

Observation 4: For UP solution, the resource utilization efficiency will decrease significantly if the UE is kept in anchor carrier after RA procedure.
Observation 5: The non-anchor carrier could be configured during RA procedure 

Based on the analysis and observations above, in order to lighten the load on the anchor carrier and enable more efficient resource utilization among the frequency carries, it would be beneficial to configure a non-anchor carrier for a UE after RA procedure when UP solution is applied,  we propose the following:

Proposal: For UP solution, RRCConnectionReconfiguration message can be used during RA procedure if the eNB wants to re-assign UE to work in non-anchor PRB.
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