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1
Introduction

In RAN4#94bis-e meeting, several proposals were presented to include 30 kHz SCS for SSB as a default SCS [1-11]. It was agreed to replace the default SCS from 15 kHz to 30 kHz for band n40 [12]; no consensus was reached for other proposed bands. In this contribution, we discuss how to proceed for NR bands n34, n38, n39 and n50 regarding the default SSB SCS. Further, we discuss which sync burst pattern shall be selected once 30 kHz SCS is included for these bands as well as NR band n40.
2
Discussion

In the early discussion of NR system parameters, default SCS for SSB was selected for each band considering the possible deployment scenarios. The bands with wider contiguous spectrum are suited for larger SCS to support more than 50 MHz carrier bandwidth and the bands with narrower contiguous spectrum are suited for smaller SCS to support fragmented allocation down to minimum 5 MHz channel bandwidth.

As operator deployment options have been clarified during initial planning of the NR network rollout, it has become evident that 30 kHz SCS is the common option for most of the TDD refirming bands not only limited to the higher frequency bands such as C-bands and S-band which has more abundant spectrum than other bands.

To deploy 30 kHz SCS in NR bands n34, n38, n39 and n50, default SSB SCS is still based on 15 kHz SCS; several issues have been pointed out in terms of UE performance and network deployment [13, 14].
As majority of operators can optimize the network deployment by using single numerology of 30 kHz for both data and SSB if UE can support 30 kHz as default SSB SCS, it is highly recommended to include 30 kHz SSB SCS for these TDD refirming bands.
The main concern of having multiple default SCS was the UE implementation complexity and possible impacts to the UE power consumption. For multiple SCS hypothesis, UE may require more computational power (or time) and thus consume more battery power in cell search. However, such a side effect is indeed negligible for the UE operating in network coverage because the cell search is not frequently performed; UE is only monitoring the already known cells while camping on a cell. The cell search may be frequently performed in a limited scenario such as out-of-coverage when UE tries to camp on a network in vain. 

Multiple SCS hypothesis has been already introduced to band n5, n41, and n66, thus UE implementation is already available and optimized to cope with this issue. It is just a matter of activating this functionality for these proposed TDD bands.

However, as discussed for NR band n40 [13, 14], it may be still not acceptable for some UE vendors to have the multiple hypothesis. Even in that case, it is highly desired to support 30 kHz as default SSB SCS even if 15 kHz is taken out.
One issue is that this change may be considered non-backward compatible; however, it is our understanding we are still in early phase of development for these TDD bands and there is no commercial product in operation. Furthermore, SCS is a fundamental variable parameter in the hardware design and is supported anyway by reconfiguring parameters. There is only minor impact in development and test. 

Another impact is that the channel bandwidth 5 MHz cannot carry 30 kHz SSB as SSB bandwidth is 7.2 MHz (20 PRBs x 360 kHz). Therefore, 5 MHz can be used only as Scell in SA/NSA configuration or PScell in NSA configuration by explicitly signaling 15 kHz SSB SCS. However, 5 MHz can never be used for Pcell in SA operation.

Observation 1: If 30 kHz is the only default SCS of SSB, 5 MHz channel bandwidth cannot be used for Pcell in SA operation.
So far we are not 100% sure if 5 MHz is never used because some bands may be still to be allocated in the world, so it shall be carefully checked that the change does not cause negative impact to these spectrum.
In conclusion, we propose to support 30 kHz SCS as a default SCS in addition to 15 kHz. For the bands for that no need of 5 MHz deployment in SA operation is clear, 15 kHz SCS is proposed to be replaced by 30 kHz if the first option to add 30 kHz is not acceptable. This change shall be applied from Rel-15 as we don’t see critical issue in ongoing product development. 
Proposal 1: One of the following alternatives is selected and applied from Rel-15 specifications.


Alt-1: 30 kHz is added as default SCS of SSB of NR bands n34, n38, n39 and n50.

Alt-2: If Alt-1 is not acceptable, the default SCS of SSB is changed to 30 kHz for the bands that can change the minimum channel bandwidth of Pcell in SA operation into 10 MHz.

Another open issue is the sync burst pattern for 30 kHz SCS, whether pattern B or pattern C is selected for each band. So far only pattern C has been introduced to TDD bands (n41/n77/n78/n79/n90), thus, from commonality point of view, pattern C is preferred also for TDD bands in question.
On the other hand, pattern B is known to be better coexist in co-channel deployment with LTE, which is why pattern B is selected to band n5/n66 for less conflict between NR SSB and LTE CRS. In particular, if 4-port LTE deployment is considered pattern B is preferred as discussed for n48 DSS [16].

For n40, the WID proposal was made to include DSS n40 in RAN#87-e [15] though the proposal is to be further discussed in next RAN plenary. It is proposed to discuss what sync pattern is suited for n40 aligned with other ongoing discussions. 
Proposal 2: Sync pattern C is selected for 30 kHz SCS for bands n34, n38, n39 and n50.
Proposal 3: It is further discussed which sync pattern is selected to n40 if DSS should be considered.

3
Conclusions 

In this contribution, default SSB for band n34, n38, n39, n40, and n50 have been discussed; the following observations and proposals have been presented.
Observation 1: If 30 kHz is the only default SCS of SSB, 5 MHz channel bandwidth cannot be used for Pcell in SA operation.
Proposal 1: One of the following alternatives is selected and applied from Rel-15 specifications.


Alt-1: 30 kHz is added as default SCS of SSB of NR bands n34, n38, n39 and n50.

Alt-2: If Alt-1 is not acceptable, the default SCS of SSB is changed to 30 kHz for the bands that can change the minimum channel bandwidth of Pcell in SA operation into 10 MHz.

Proposal 2: Sync pattern C is selected for 30 kHz SCS for bands n34, n38, n39 and n50.
Proposal 3: It is further discussed which sync pattern is selected to n40 if DSS should be considered.
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