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1. Introduction
It was agreed in the agenda item 8.1.6 of RAN1#86 that
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· 
In this contribution, we present a TDM-based SS block composition that can be used in both above-6 GHz and sub-6 GHz frequency bands in multi-beam and single-beam operations. This unified SS block design occupies one 7-symbol slot with time-division multiplexed PSS, SSS and SS block payload that may include PBCH, SS block index and paging control. The DMRS for the payload in the SS block serves multiple purposes including channel estimation for the demodulation of the payload, time frequency synchronization during initial access and reference signals for RRM and beam management measurement in both idle and connected modes.
2. [bookmark: _Ref461651853]Unified Design for Synchronization Signal Block
Since a 7-symbol slot is the basic scheduling unit in NR, it is natural to consider fitting the SS block within one slot to optimize the resource utilization efficiency, as shown in Figure 1. 
Proposal 1: A unified SS block design should occupy the basic scheduling unit of a 7-symbol slot to optimize resource utilization efficiency.
[image: ] 
[bookmark: _Ref471327516]Figure 1: A TDM based unified SS block
To minimize the transmission of always on signal, the periodicity of the SS block burst is set to 20ms, as shown in Figure 2. For single beam operation, each SS burst has a single SS block. Multi-beam operation is discussed in Section 4. In our previous contribution [1], we noted that the number of REs available to carry the payload in a 7-symbol SS block are roughly the same as the REs allocated to PBCH in 40 ms in LTE. Therefore, 7-symbol SS block is a sensible choice if the same amount of information is to be carried and reach the same coverage with a 40 ms SS block period. With the shorter period of 20 ms, the payload can carry more information in the same 7-symbol SS block. However, the development over the past few meetings also suggests that indeed the payload of SS block may need to carry more information. For example, the PBCH may carry up to 100 bits. The SS block index, if not included in PBCH, may also occupy additional resources. Lastly, the paging control may also be placed adjacent to the SS block in time and swept in the same directions in multi-beam operation. Therefore, a 7-symbol SS block is still our preference.
In Figure 1, the PSS and SSS are placed in symbols 1 and 3, respectively. The SS block payload is placed in symbols 0, 2, 4, 5 and 6. The details of our designs on PSS, SSS and SS block payload can be found in our companion papers [2][3][4]. Interleaved with the payload in symbols 0, 2, 4 and 6 are two ports of DMRS for the demodulation of the payload and other purposes to be described next.
[image: ] 
[bookmark: _Ref471390268]Figure 2: SS block burst with 20 ms periodicity

3. Reference Signals in Unified SS Block
Figure 3 shows the DMRS for demodulating the payload in the SS block. The DMRS in symbols 0 and 4 has the same pattern as the CRS in LTE with two antenna ports. The DMRS in symbols 2 and 6 are cyclic shift of DMRS in symbol 0 and 4. The regularly spaced pilot symbols scattered across all 7 symbols and 288 sub-carriers facilitate accurate and simple estimation of the channel and time-frequency offset.
[image: ] 
[bookmark: _Ref471393616]Figure 3: Reference signals in the SS block
Observation 1: The DMRS for the payload in the unified SS block design functions much like the CRS in LTE and can be used for channel estimation, time-frequency offset estimation and RRM measurement.
Proposal 2: NR should study the use of LTE CRS-like reference signals in the SS block for multiple purposes such as channel estimation, time-frequency offset estimation and RRM measurement.
4. [bookmark: _Ref471330663]Multi-Beam Operation
For multi-beam deployment, a number of contiguous SS blocks are transmitted, each toward one of the beam directions in the full transmit sweep. The example in Figure 4 shows 8 SS blocks in one SS block burst. In multi-beam operation, the UE’s behavior differs before and after initial access is completed, as will be described below. 
4.1. Initial Access Phase
During initial access of multi-beam operation, the UE uses the same RX beam to receive all the SS blocks in one burst period, as shown in Figure 4. In the following SS burst period, UE may switch to a different RX beam if the previous reception fails to acquire the cell.
[image: ] 
[bookmark: _Ref471381317]Figure 4: Cell and UE beam sweeping during initial access
4.2. Post Initial Access Phase
After the initial access is completed and when the UE no longer needs to receive PSS, SSS and the payload in the SS block, it can then use the two-port DMRS in symbols 0, 2, 4 and 6 for its receive beam sweeping, as shown in Figure 5. As a result, the number of cell and UE beam pairs that can be measured in one SS block burst period is 4 times the number of SS blocks in one burst, or 32 in the example shown in Figure 6.
The placement of the multi-purpose DMRS in the even-numbered symbols allows for the UE extra time to switch its RX beams if cost of implementing a fast switching beamformer is a concern. It also allows the UE to stay in the same RX beam slightly longer than one symbol to capture multi-paths arriving at different time due to beam sweeping across different directions. 
 [image: ]
[bookmark: _Ref471380328]Figure 5: UE RX beam sweeping on symbols 0, 2, 4 and 6
The channel quality of the cell and UE beam pairs measured off the DMRS in the SS block can be used for mobility management as well as beam management in case there is only one TRP in a cell and the SS block index can serve as beam ID.
Proposal 3: NR should study the use of the multi-purpose reference signal in the SS block for UE RX beam sweeping to obtain the measurement required for mobility and beam management.
[image: ] 
[bookmark: _Ref471380824]Figure 6: Cell and UE beam sweeping over SS blocks after completion of initial access
5. Conclusion
In summary, we propose a slot-based SS block design with time-division multiplexed PSS, SSS and the SS block payload over 7 symbols. The reference signal interleaved with the payload serves multiple purposes much like those provided by the CRS in LTE. In addition, the multi-purpose RS is also used for UE RX beam sweeping in multi-beam operation. Based on the discussion, we have the following proposals:
Proposal 1: A unified SS block design should occupy the basic scheduling unit of a 7-symbol slot to optimize resource utilization efficiency.
Proposal 2: NR should consider the use of LTE CRS-like reference signals in the SS block for multiple purposes such as channel estimation, time-frequency offset estimation and RRM measurement.
Proposal 3: NR should consider the use of the multi-purpose reference signal in the SS block for UE RX beam sweeping to obtain the measurement required for mobility and beam management.
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