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Introduction
In RAN1 NR AH#2 and RAN1#88bis meetings, discussions on NR SS block composition and SS time index indication mechanism were held in depth, but RAN1 has not reach a consensus completely yet. There are several working assumption, agreements and even proposals about timing indication based on SS block are shown as following with some details need further consideration [1][2]:
Proposal:
· The timing information to be carried is as follows:
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· This information is carried at least partly explicitly on the PBCH
· Options for a hybrid solution: 
. SS block index within burst set is carried by DMRS
1. 2 bits below 3 GHz, 3 bits for 3-6 GHz, 6 bits above 6 GHz
1. Achieves latency gain by enabling reception without decoding
1. Concerns on ability to carry so many bits on DMRS, and would require the DMRS to be invariant
. SS block index (2/3 bits) within burst is carried by DMRS
2. 4/3 bits to indicate the burst in the burst set are carried in NR-PBCH payload
2. Can achieve latency gain below 3/6 GHz
2. Can enable the UE to obtain the beam index for inclusion in SS block measurement reporting without NR-PBCH decoding
2. But would still require the DMRS to be invariant
. 2 bits of SFN carried by DMRS
3. Achieves complexity gain but not latency gain
. SS block index (2 bits) within burst is carried by scrambling of both NR-PBCH and DMRS
4. 4 bits to indicate the burst in the burst set are carried in NR-PBCH payload
4. Achieves latency gain below 3 GHz
. 3 bits of SFN carried by NR-PBCH payload scrambling
Agreements: 
· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload
In this contribution, we focus on further details about time index indication based on SS block with multi-beam approach. 
Discussion on time index indication for Multi-beam Based Approach
In NR system, with the expectation of high carrier frequency bands up to 52 GHz and later up to 70GHz, multi-beam operation became an inevitable choice due to the large path and penetration losses at these frequencies. For multi-beam based approach, synchronization procedure with beam-sweeping method can provide enhanced coverage for distant UEs, especially when higher band is used. The SS block index indicates its beam index during beam-sweeping process of a SS burst set. From an SS block time index, UE can identify at least the exact time domain information such as OFDM symbol/slot index within 5 ms SS burst set duration or within a half radio frame, and then the boundary of a series of system frames and system information after the detection on the NR-PSS/SSS.
As agreed in RAN1#88bis, a single set of possible SS block time locations is specified for each frequency band and within SS burst set duration, the maximum number of SS blocks within SS burst set is up to 64 for the band from 6 GHz to 52.6 GHz. The nominal SS blocks are indexed according to such fixed structure no matter whether all SS blocks are transmitted actually. Theoretically, the SS block time index information can be indicated implicitly, explicitly or by PBCH DMRS. Correspondingly, the UE should be able to perform beam/cell measurement and identification quickly and reliably with minimal need for measurement and implementation complexity. So, determination of bearing mode of SS block timing information should be based on the tradeoff between the total overhead (and resulted performance) and the deployment flexibility or reduced latency for initial access. Restricted to the latency requirement, if there is obvious delay caused by identifying the SS block time index, handover performance and UE power consumption may be impacted seriously. The time index indication by DMRS could achieve latency gain through enabling reception without decoding. On the other hand, though the implementation complexity of PBCH decoding is higher relative to the sliding correlation operation for DMRS checking, DMRS detection performance also will degrade along with the increasing of information carried by DMRS. Hence a hybrid way of time index indication of SS block should be a better choice to keep balance between reduced latency and reasonable complexity. Naturally, a preferable implementation method is dividing timing information into time index within burst and burst index within burst set indicated by DMRS and PBCH payload respectively.
Proposal 1: The SS block time index within burst should be indicated by DMRS, and the SS block burst index within burst set should be carried in NR-PBCH payload. 
In further, as discussed in our companion contribution [3], with Ns parallel uniform distributed beams for beam sweeping operation, access latency could be reduced greatly, especially for the frequency band above 6GHz. At the expense of depressed coverage under the limitation of instantaneous transmitting power, total transmitting power still keep unchanged. Different SS blocks can be transmitted simultaneously in a superposition manner. It makes a tradeoff between the high beam gain and the low access delay by spatial multiplexing, and resources for SS blocks could be saved partly for data/control transmission.
The normal beam sweeping can be treated as a special case when Ns=1. As it has been agreed that the SS block time index is fixed and predefined for each frequency band to simplify the access of UE, 2 bits indication of Ns(for Ns<5)can be carried by scrambling PBCH to avoid timing ambiguity due to parallel beams. Without obvious increase in the implementation complexity and overhead of UE, it has no influence on DMRS detection and PBCH payload. Without modification to any SS block, UE could determine the relative position of SS block in the whole burst set duration according to acquired SS block time index and Ns. As shown in Fig. 1 with an example of Ns=2, there is a fixed time offset for the SS blocks transmitted with the second sweeping beam. Consequently, based on the above discussion, we propose that:
Proposal 2: gNB and UE in NR should support parallel beams configuration information carried by scrambling NR-PBCH for the frequency band above 6GHz.


Fig.1 SS blocks allocation for Ns=1,2 L=64
Conclusion
In this contribution, we discussed SS block time index indication mechanism based on multi beam for NR. The following proposal is made:
Proposal 1: The SS block time index within burst should be indicated by DMRS, and the SS block burst index within burst set should be carried in NR-PBCH payload. 
Proposal 2: gNB and UE in NR should support beams configuration information of parallel beams carried by scrambling NR-PBCH for the frequency band above 6GHz.
References
[1] Chairman’s notes for 3GPP TSG RAN1 meeting NR AH#2
[2] Chairman’s notes for 3GPP TSG RAN1 meeting #88bis
[3] 3GPP R1-1708537 “Discussion on SS block composition for NR”, Potevio, RAN1#89, May 2017

oleObject1.bin
5ms


Offset=T/2


SSB 1


Offset=T/2


T/2


...


Ns=2


SSB 33


SSB 33


SSB 64


Second beam 


SSB 64


SSB 32


...


...


SSB 33


T


Time 


SSB 1


...


Ns=1
Single beam


First beam 


...


SSB 64


SSB 32



image1.png
59 ......... 532525150 Co bs.-. blbo
BCH TTI Burst-set SS Block
resolution index index
within BCH within
Tl burst-set





image2.emf
5ms

Time 

S

S

B

 

1

Ns=1

Single 

beam

First 

beam 

...

...

...

...

S

S

B

 

6

4

S

S

B

 

1

S

S

B

 

6

4

...

...

Ns=2

Second 

beam 

...

...

S

S

B

 

3

2

S

S

B

 

3

2

S

S

B

 

3

3

...

...

S

S

B

 

3

3

T

T/2

S

S

B

 

3

3

S

S

B

 

6

4

Offset=T/2 Offset=T/2


