3GPP TSG RAN WG1 Meeting #75
R1-135264
San Francisco, USA, 11th – 15th November 2013

Agenda Item:       6.2.6.4
Source:            NEC
Title:
Physical layer aspects for dual layer connectivity 
Document for:   Discussion
1. Introduction
RAN1 discussed physical layer aspects of dual connectivity, and standardization impacts in supporting different transmission (Tx) and reception (Rx) UE capability [1]. However, RAN1 did not conclude the minimum UE capability for dual connectivity. In this contribution, we discuss physical layer aspects of dual connectivity for UE considering recent progress in RAN1 and RAN2 on small cell enhancement study item.
2. Discussion
RAN2 study on dual connectivity was mainly focused on inter-node resources aggregation, and RAN2 recently selected user plane architecture options 1A and 3C as solutions for dual connectivity [2]. RAN2 considered multi-Tx/multi-Rx as baseline for inter-node resources aggregation, in developing high layer architecture for dual connectivity [3]. Dual connectivity could also be an efficient mechanism to support small cell on/off with reduced transition time, as discussed in our companion paper [4]. To realize small cell on/off benefits in terms of network energy savings and system performance improvements in practice, it is important to support small cell on/off feature to many UEs. As 3GPP just starts to develop UE requirements for uplink CA, UEs with downlink CA with single uplink could possibly become main UE capability in the network in the near future. Many companies considered this 1Tx and 2Rx UE capability for dual connectivity in past RAN1 discussion [5].
RAN1 identified the following two solutions to support dual connectivity with 1Tx and 2 Rx [1]:

(a) UCI for an eNB is transmitted in an UL resource of the eNB in a TDM fashion between eNBs.

(b) UCI for both eNBs is transmitted in an UL resource of one eNB.
Solution (a) maintains independent uplink transmission with each eNB and does only require coordination between each eNB for uplink and downlink scheduling. This inter-eNB coordination does not have any impacts on the user plane architecture. Physical layer impacts due to 1Tx and 2Rx capability could be limited with solution (a), as we discuss in the following section.
On the other hand, solution (b) might require considerable standardization effort in defining higher layer support. It might also result in changes in legacy physical layer processing timing such as UCI, due to non-ideal backhaul delay and additional eNB processing. The selected user plane architecture 1A and 3C seems to support the UE capability of 1Tx and 2Rx with above solution (a) better than solution (b). RAN1 should consider discussing physical layer solutions to support dual connectivity with 1Tx and 2Rx capability, considering recent RAN1 and RAN2 progress.
Observation 1: RAN1 should consider discussing physical layer solutions to support dual connectivity with 1Tx and 2Rx capability, considering recent RAN1 and RAN2 progress.
2.1 Time switched UCI transmission between eNBs for 1Tx and 2Rx UE
With solution (a), the UE may receive data and/or physical level control information from both macro eNB (MeNB) and small eNB (SeNB) simultaneously, and may transmit data and physical control information either to MeNB or to SeNB on particular subframes/radio frames. The main physical layer impacts are defining uplink transmission timing and resources allocations. It is desirable to maintain UCI transmission timing and procedures as close to that of legacy to minimize spec and implementation impacts.
We consider defining dual transmission interval (DTI), where UE is communication with both MeNB and SeNB. DTI is multiplexed with conventional single transmission interval (STI), where UE is communicating with either MeNB only or SeNB only. DTI may be further defined as time interval (TDTI) consisting one group or more than one group of consecutive subframes, where each group of subframes may comprise N number of consecutive subframes. N1 number of subframes allocated for UE to transmit to MeNB and N2 number of non-overlapping subframes are allocated for UE to transmit to SeNB. One subframe is allocated for “switching gap”, which allows UE to switch between two carrier frequencies by tuning its uplink carrier frequency oscillators within a “switching gap”.  This is illustrated in Figure 1 below for N=10.
[image: image1.png]/N subframes

UL subframe to

1
Growp VeNB

Group#M

SeNB

. UL subframe to
c

UL Switching gap

Subframe.

X 1 2
0 # #2#3 #4 45 @6 BT @8 HOa—




Figure 1: Uplink resources allocations for uplink switched transmission

DTI, N1 and N2 could be configured to adopt dual connectivity communication to deployment and operational scenario such as for traffic load balancing between macro and small cell. The following signalling support might be required for this adoptive configuration.
· The MeNB and SeNB could share this uplink time allocation information by the Xn signalling to coordinate the scheduling between MeNB and SeNB.
· The MeNB could use RRC signalling to inform the UE about this time allocation information.
Since uplink transmission to MeNB and SeNB is switched in time, there is no continuous uplink subframes from MeNB and SeNB to send downlink HARQ ACK/NACK response. This would require HARQ ACK/NACK aggregation for UCI transmission. In order to limit implementation complexity and specification impacts, the HARQ ACK/NACK aggregation should be restricted to certain number of subframes in order to maintain soft buffer size as that of conventional design. That means the number of HARQ process should be less than or equal to the number defined for legacy specification (ex., 8 for LTE FDD). This is illustrated in Figure 2 for a certain uplink configurations of N1 (=4) and N2 (=4) for LTE FDD. HARQ ACK/NACK aggregation is limited to maximum of 4 subframes, and the resulting number of HARQ process for PDSCH transmission from both MeNB and SeNB is 8. The number of HARQ process and the number of HARQ ACK/NACK aggregation could change depending on the uplink configurations of N1 and N2. Therefore, there could be some RRC signalling required to inform the UE the corresponding number of HARQ process for PDSCH transmission from both MeNB and SeNB. 
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 Figure 2: Downlink HARQ timing with uplink switched transmission

Observation 2: Physical layer impacts due to dual connectivity support for 1Tx and 2Rx UE capability could be limited by scheduling and signaling support.

3. Conclusion

We presented our view on physical layer aspects for dual connectivity for small cell operation, and we observe the followings:
Observation 1: RAN1 should consider discussing physical layer solutions to support dual connectivity with 1Tx and 2Rx capability, considering RAN2 progress on higher layer aspects, and RAN1 small cell on/off discussion.
Observation 2: Physical layer impacts due to dual connectivity support for 1Tx and 2Rx UE capability could be limited by scheduling and signaling support.
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