3GPP TSG RAN WG1 AH_NR Meeting	R1-1700288
Spokane, USA, 16th - 20th January 2017

Agenda Item:	5.1.1.1.1
Source:	Spreadtrum Communications
Title:	Indication of the SS-block index in multi-beam cases
Document for:	Discussion and decision

Introduction
[bookmark: _Toc464256869]In the RAN1#86bis meeting and the RAN1#87 meeting, the agreements on synchronization signal were reached in [1] and [2] as following
Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’

Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams

In this contribution, we present an indicating mechanism for the time index of SS-block to deal with the ambiguity of frame timing in NR multi-beam cases.

Discussions
In LTE, frame timing is determined by the detection of SS, of which the resource location is unique for a certain duplex mode and CP type. However, in NR, multi-beam based operation (for frequency above 6GHz) may bring in the ambiguity of frame timing if no specific SS block index is indicated to the UE. 
To deal with the problem, in the RAN1#86bis meeting it was proposed in[3] that the information about SS block index can be conveyed to the UE through the different frequency offset between PSS and SSS or through the different SS sequences over respective beams. However, such approaches may bring in large overhead, blind detection complexity, and extra work in designing SS-sequence.
In this contribution, we think that implicit indication for SS block index by exchanging the beam sweeping order can be considered for NR. 
For one option, the gNB can exchange the beam sweeping order of SS blocks within different SS burst. By such operation, the UE would detect and measure different offset time for its best SS block signals between two different SS burst(e.g., two adjacent SS bursts). Based on the offset time, the UE can derive the SS block index thus get the frame timing. 



Fig 1. Illustration of the SS-block index indicating mechanism with different sweeping order of SS blocks in multi-beam cases

An example is shown in Fig 1, gNB provides two set of SS beam sweeping in a synchronization cycle with different sweeping order, e.g., with the order of 1-2-3-4 in the former SS burst and with the order of 4-3-2-1 in the latter SS burst. SS-offset is the offset between a pair of adjacent SS block for one specific beam. Different order causes different SS-offset for each beam, and different SS-offset implicitly indicates the SS block index and the corresponding beam ID.
[bookmark: _GoBack]And to further discuss the problem, another option can also be considered as well, in which the information about SS block index can be conveyed to the UE through the different offset time between the different parts of SS block. In this option, the gNB exchanges the beam sweeping order of PSS and SSS. For UEs within different beams, the UE would detect and measure different offset time between PSS and SSS for its best SS block. Based on the offset time, the UE would derive the SS block index, the beam ID and get the frame timing. 



Fig 2. Illustration of the SS-block index indicating mechanism with different sweeping order of PSS/SSS in multi-beam cases

An example is shown in Fig 2, gNB provides the beam sweeping of PSS and SSS in a synchronization cycle with the order of 1-2-3 for PSS and with the order of 3-2-1 for SSS. Here, toff is the offset time between a pair of PSS and SSS for one specific beam. Different sweeping order causes different toff for each beam, and different toff implicitly indicates the SS block index and the beam ID, e.g., if the offset time that equals toff1 is reported, the UE can determine that the SS block index is 1 and the beam ID is 1 as well. 

Proposal 1: 	Implicit method for indicating the SS block index and the beam index by exchanging the beam sweeping order can be considered for NR.

Conclusions
In this contribution, we present an indicating mechanism for the time index of SS-block, which is helpful to deal with the ambiguity of frame timing in NR multi-beam cases. Based on the above discussion, the following proposal is drawn:

Proposal 1: 	Implicit method for indicating the SS block index and the beam index by exchanging the beam sweeping order can be considered for NR.
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