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Introduction

In the last RAN4#93 meeting, there were extensive discussions on intra-carrier guard band under NR-U wideband operation and WF [1] was approved for further study. Therefore in this contribution, we want to further investigate these open aspects. 

Discussion 
In the RAN4#93 meeting, one open issue for intra-carrier GB design is about UE’s capability to support 20MHz CBW with 60KHz SCS as listed in the WF [1] and WF [2]. 
	WF [2]:

Spectrum utilization for single carrier operation of 20MHz case:
It is agreed to increase the number of PRBs to 25 for 20 MHZ channel bandwidth with 60 kHz SCS with the condition awareness of relaxation on NR-U emission requirements compared with R15 NR. as below example for ACLR:

UE support of 60 kHz SCS is optional.

UE supporting 20MHz CBW with 60kHz SCS andfor NR-U also supports 25 PRBs on the NR-U carrier;

FFS: whether 25 PRBs for NR-U 20 MHz carrier is mandatory without capability or IOT bit is needed.  

	WF [1]:
Notes:

Alternatives for 60kHz SCS.

Alt.1 is based on the existing number of RBs that a UE has to support for 60kHz SCS.

Alt.2 is based on the a increased number of RBs which is applicable only for NR-U. 

RB shift for PRB grid alignment FFS.


First of all, it has been agreed to increase the number of PRBs to 25 for 20MHz CBW with 60KHz SCS with the consideration of relaxtion on NR-U emission requirement compared with R15 NR.However it’s FFS whether 25 PRBs for NR-U 20MHz carrier is mandatory without capability or IOT bit is needed. From our undestanding, it’s more straightforward to mandate UE to support 25PRBs for 20MHz CBW with 60KHz SCS if UE support this configuration and it’s easy to achieve that just as metioned before, otherwise one more UE capability signalling should be added which will further complicate the scheduling machinism of NR-U BS. 

Proposal 1: 25 PRBs for NR-U 20MHz carrier is mandatory without capability or IOT bit is needed. 

From implementation complexity perspective, for the digtial WOLA waveform hanning window in the eqaution (1) could fulfill the adjacent channel leakage requirment of NR-U UE as the minimum attenuation on adjacent stopband of hanning window filter is 44dBc. 
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It’s well known that the critical parameter for digital filter design is about the filter length corresponding to the implementation complexity, in the following section, we evaluated different SCS configurations for 20MHz for comparison.
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Where:
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is the transition bandwidth of filter in frequency domain which is equal to 2*GB;
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 is the sampling rate of digital signal; 
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is the filter length of hanning window; 

Based on the above considerations, the comparison of filter length for different SCS configurations are summarized in the following Table 1. It could be found that 20KHz CBW with 60KHz SCS, 25PRB will not further prolong the filter length compared with other SCS e.g. 15KHz and 30KHz. In other words, even though slightly longer filter length seems necessary for 25PRB@20MHz, 60KHz SCS compared with 24PRB@20MHz, 60KHz SCS, however this is still much simpler compared with other SCS cases. 

Table 1. summary of filter length comparison

	20MHz CBW/SCS
	PRB confiuration
	GB [KHz]
	Filter length

	15KHz
	106
	452..5
	106

	30KHz
	51
	805
	60

	60KHz
	24
	1330
	36

	
	25
	970
	50


Observation: slightly longer filter length seems necessary for 25PRB@20MHz, 60KHz SCS compared with 24PRB@20MHz, 60KHz SCS, however this is still much simpler compared with other SCS cases.

RB shift for PRB grid alignment:
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Where:  

PRB_Freqn,w_shif is the freq position of the first avaiable PRB of the nth sub-block under wideband operation and PRB_Freqn,wo_shif is the freq position of the first avaibale PRB of the nth sub-block without wideband operation or CA operation; 

for 40MHz CBW, n=0,1; for 60MHz CBW, n=0,1,2 and for 80MHz CBW, n=0,1,2,3;  

for 40MHz CBW,m=1; for 60MHz CBW, m=2 and for 80MHz CBW, m=3.
Then RB shift for PRB alignment can be calculated as following:

PRB_Freqn,w_shift-PRB_Freqn,wo_shift+offset

where offset is due to the channel raster for differen channel bandwidth
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Figure 1. channel arrangement for NR-U from 5150MHz-5350MHz

Example case:  20MHz@5160MHz, 20MHz@5180MHz and 40MHz @5170MHz

20MHz@5160MHz and 20MHz@5180MHz should be with 60KHz freq shift and -60KHz for PRB alignment if wideband operation enabled. 

For the other remaining cases left to further check, however the question is whether this RB shift for PRB alignement is necessary to specify in the spec or leave to up the practical implementation. From our understanding, for the these potential RB shift for PRB alignment, network don’t need to indicate the offset value to UE which means it’s not necessary for high layer parameter configuration, from the RAN4 perspective, similar as R15 NR spec, there are also no RB alignement shift information specified, therefore we think RB shift for RPB alignment for NR-U should be up to the practical implementation. 

Proposal 2:  not to define RB shift for PRB grid alignment and leave up to the implementation.

Conclusions
In this contribution, we shared further inputs on intra-carrier guard band under NR-U wideband operation and proposals are made as following:

Proposal 1: 25 PRBs for NR-U 20MHz carrier is mandatory without capability or IOT bit is needed. 
Observation: slightly longer filter length seems necessary for 25PRB@20MHz, 60KHz SCS compared with 24PRB@20MHz, 60KHz SCS, however this is still much simpler compared with other SCS cases

Proposal 2:  not to define RB shift for PRB grid alignment and leave up to the implementation.
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