
3GPP TSG RAN WG1 Meeting #86
R1-167028
Gothenburg, Sweden, 22nd – 26th Aug. 2016
Agenda item:
8.1.6
Source: 
KT Corp.
Title: 
Sync and Beam Acquisition Procedure in Multi-Beam Based Approach
Document for:
Discussion and Decision
1. Introduction

In RAN1#85, the concept of multi-beam based approaches was identified as follows [1]:

· Multi-beam based approaches
· In multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance

In addition, it was agreed [1] that RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
In this contribution, details on initial synchronization and beam acquisition procedure which needs to be concretized for multi-beam based approaches are provided.
2. Discussion on Sync and Beam Acquisition Procedure
In single-beam based approaches, one set of synchronization signals, e.g. PSS/SSS in LTE, will be transmitted in a fixed time instance for UEs to acquire synchronization. On the other hand, multi-beam based approaches such as beam sweeping, multiple synchronization signals each of which corresponds to different beam would need to be transmitted to cover UEs in wide coverage area. More specifically, PSS/SSS-like signals would be repeatedly transmitted applying different beams in order to make UEs located at different directions be able to successfully acquire synchronization. 

Figure 1 shows an example of multi-beam based approach where Timing and Beam Acquisition (TBA) subframes occur periodically with X time interval. In one TBA subframe, multiple OFDM symbols applying different beams (depicted as different colors) are transmitted for timing and beam acquisition. In one OFDM symbol, different types of signals would be included to help UEs to acquire timing and beam accurately. For example, OFDM symbols in TBA subframes could be composed by PSS/SSS-like signals, reference signals to differentiate different beams, and PBCH-like signals. In UE initial procedure perspective, within a TBA subframe, UE would detect one dominant synchronization signal included in the OFDM symbol applying well-matched beam, and then would find out which OFDM symbol is detected as well as which beam is proper for its direction.
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Figure 1: Example of frame design for timing and beam acquisition procedure
Having discussed above, it is observed that the following key steps would need to be specified in the initial synchronization and beamforming acquisition procedure for multi-beam based approaches:

1. Timing acquisition including

A. OFDM symbol timing
B. Subframe timing
C. Frame timing
2. Beam acquisition including
A. Tx beam acquisition
B. Rx beam acquisition
In the above key steps, the highlighted contents are additional steps for multi-beam based approaches over those for single-beam based approaches like LTE. 
In single-beam based approaches, since the synchronization signals would be transmitted once at a fixed OFDM symbol location within the subframe, UE could autonomously find out the subframe boundary once synchronization signal is detected. On the other hand, in multi-beam based approaches, UE would need to carry out one more step to know in which OFDM symbol synchronization signals are detected in order to find out the subframe boundary, i.e. subframe timing.
Additionally, in multi-beam based approaches, it is quite obvious that UE needs to identify which Tx beam is preferable for following control and data channels and to report back such information to TRP. In [2] and [3], directional UE antenna was agreed for above-6GHz NR. To accommodate such case of directional UE antenna, Rx beam acquisition also should be considered in beam acquisition procedure for NR study. 

Having discussed above, it is proposed that RAN1 should take into account the above key steps to design synchronization signals and reference signals for timing and beam acquisition procedure in multi-beam based approaches.

Proposal: RAN1 should take into account the following key steps to design synchronization signals and reference signals for timing and beam acquisition procedure in multi-beam based approaches:
· Timing acquisition including

· OFDM symbol timing
· Subframe timing
· Frame timing
· Beam acquisition including

· Tx beam acquisition

· Rx beam acquisition

3. Conclusion
In this contribution, we discussed on initial synchronization and beam acquisition procedure which needs to be concretized for multi-beam based approaches. Based on the discussion above, it is proposed that
Proposal: RAN1 should take into account the following key steps to design synchronization signals and reference signals for timing and beam acquisition procedure in multi-beam based approaches:
· Timing acquisition including

· OFDM symbol timing
· Subframe timing
· Frame timing
· Beam acquisition including

· Tx beam acquisition

· Rx beam acquisition
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