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1. Introduction

In the email discussion [91-NR-04] after RAN1#91 meeting, RMSI presence indication was discussed and following agreements were made [1].

	Agreements:

· For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.


At the RAN1 NR-AH 1801 meeting, although the details on indication of valid search raster were discussed, following conclusion was made and details have not been decided yet [2].
	Conclusion:

Regarding signaling the valid search raster:

· No additional signaling entries in the PBCH (for example cellBarred, intraFreqReselection) are to be used to inform the UE of the valid raster 

· The indication is only for the same frequency band 


In this contribution, we discuss further details on valid search raster indication.
2. Remaining issues on NR-PBCH
2.1. Usage scenarios of valid search raster indication
Based on the last RAN1 meeting conclusion, an SSB on the sync raster can indicate valid search raster position only within the same frequency band by using up to 8 bits (pdcchConfigSIB1) with several remaining code points in ssb-subcarrier-offset. We think that usage scenarios of valid search raster indication would be quite limited due to the conclusion. Possible usage scenarios in our consideration are shown in Figure 1. In scenario #1 in Figure 1, there are cell-defining SSB for SA cell (SA-cell-defining SSB) and other type of SSB such as non-cell-defining SSB and cell-defining SSB for NSA cell (non-SA-cell-defining SSB) within the same band. Such non-SA-cell-defining SSB without associated RMSI can indicate search raster position of SA-cell-defining SSB. However, we think this scenario would not be general in practice. In practical deployment scenario, CC(s) in a band which is suitable for PCell operation (e.g., with sufficient UL capacity and coverage) would have SA-cell-defining SSBs. Other types of SSB would not be necessary in the band since all CCs in the band would support SA to achieve PCell offloading (e.g., for UL traffic offloading).
Observation 1: Valid search raster indication based on the last meeting conclusion can be used in case that there are both SA-cell-defining SSB and non-SA-cell-defining SSB within the same band. Such case would not be general scenario considering PCell offloading.
On the other hand, in scenario #2 in Figure 1, there is only single type of SSBs (i.e., either SA-cell-defining SSB or non-SA-cell-defining SSB) within the same band and different types of SSB are used in different bands. We think that this scenario is more general and practical than scenario #1. However, since a band containing non-SA-cell-defining SSB does not have SA-cell-defining SSB in this scenario, mechanism based on the last meeting conclusion cannot indicate any valid search raster position within the band. At the last meeting, several companies considered that indication of no valid search raster point within the band would be beneficial to reduce UE burden and delay for initial access. However, as shown in Figure 1, there may be other operator’s CC(s) within the same band, and UE should not skip searching remaining search rasters within the band since other operator’s CC(s) may have SA-cell-defining SSB. Therefore, indication of no valid search raster point should not be considered.
Observation 2: Valid search raster indication based on the last meeting conclusion cannot be used in case that there is only single type of SSBs within the same band while different types of SSB are in different bands. Indication of no valid search raster point within the band should not be considered since there may be other operator’s CC(s) having SA-cell-defining SSB within the same band.
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Scenario #1: there are SA-cell-defining SSB and other type of SSB (e.g., for NSA cell) 
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Scenario #2: there is only single type of SSBs (either for NSA cell or for SA cell) 
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Figure 1: Possible usage scenarios of valid search raster indication

Based on above discussion, we believe that valid search raster indication based on the last meeting conclusion is not attractive enough, and a mechanism for indicating valid search raster position/range outside the band should be essential considering practical usage scenarios. So, we propose to revisit the last meeting conclusion and to introduce mechanism for indicating valid search raster position/range outside the band.
Proposal 1: NR supports a mechanism for indicating valid search raster position or range outside the band in addition to a mechanism for indicating valid search raster position within the same band.
2.2. Detailed mechanism for indicating valid search raster position/range
As we discussed in our contribution for the last RAN1 meeting [3], following aspects would need to be considered to realize proposal 1.
· The non-SA-cell-defining SSB on the sync raster may have an associated RMSI for ANR purpose. In such case, 8 bits of pdcchConfigSIB1 need to be used for its primary purpose, i.e., it cannot be used for indicating valid search raster position/range.
· As shown in Figure 1, both scenario #1 and scenario #2 are possible. Indicating valid search raster position within a certain range (e.g., within the same band) for scenario #1 requires a number of code-points/bits (e.g., 672 code-points for +/-336). Also, indicating valid search raster position/range outside the band (e.g., NR band number) requires a number of code-points/bits. Therefore, 8 bits of pdcchConfigSIB1 would not be enough to cover both scenarios.
Therefore, we believe that using only 8 bits of pdcchConfigSIB1 and some remaining code-points in ssb-subcarrier-offset for valid search raster position/range indication purpose is not sufficient.
Observation 3: To support a mechanism for indicating valid search raster position/range, using only 8 bits of pdcchConfigSIB1 and some remaining code-points in ssb-subcarrier-offset is not sufficient.
Proposal 2: Some additional signaling entries in the PBCH are to be used to inform the UE of the valid raster position/range.
In particular, first we should clarify whether or not all bits of ssb-subcarrier-offset are available when cellbarred is “barred” and intraFreqReselection is “not allowed”. In our view, when cellbarred is “barred” and intraFreqReselection is “not allowed”, PRB grid offset between SSB and data should always be zero since it is non-SA-cell-defining SSB. Irrespective of associated RMSI presence, there is no need to indicate PRB grid offset between SSB and data when it is non-SA-cell-defining SSB. 
Considering above, it is possible to utilize whole ssb-subcarrier-offset bits for other purpose when SSB on sync raster indicates cellbarred is “barred” and intraFreqReselection is “not allowed”. In such case, additional 4 bits become available for indicating valid raster position/range. As mentioned above, since the non-SA-cell-defining SSB on the sync raster may have an associated RMSI for ANR purpose, 1 bit in ssb-subcarrier-offset should be used for RMSI presence indication. In addition, another 1 bit in ssb-subcarrier-offset should be used to distinguish two scenarios in Figure 1 (i.e., whether valid raster position within the same band is indicated or valid raster position/range outside the band is indicated). Then, remaining 2 bits in ssb-subcarrier-offset and 8 bits of pdcchConfigSIB1, i.e., total 10 bits are available for indicating valid raster position/range in each scenario in Figure 1.
Observation 4: When SSB on the sync raster indicates cellbarred is “barred” and intraFreqReselection is “not allowed”, there is no need to indicate PRB grid offset between SSB and whole ssb-subcarrier-offset bits can be used for other purpose.
Proposal 3: When SSB on the sync raster indicates cellbarred is “barred” and intraFreqReselection is “not allowed”, UE assumes ssb-subcarrier-offset bits in NR-PBCH are used as follows.

· 1 bit in ssb-subcarrier-offset is used to indicate RMSI presence
· 1 bit in ssb-subcarrier-offset is used to indicate whether valid search raster is located within the same band or not
· Remaining 2 bits in ssb-subcarrier-offset are used to indicate valid search raster position/range together with 8 bits of pdcchConfigSIB1
Proposed signaling details in different cases are shown in Figure 2. UE can differentiate the usage of ssb-subcarrier-offset bits based on indication in cellbarred and intraFreqReselection. For valid search raster position indication within the same band, 10 bits in total can be used in the proposal and example is shown in Table I. In case that there is no valid search raster for SA-cell-defining SSB within the same band, 10 bits in total can be used for NR band number indication so that UE will search valid search raster in the indicated band. It should be noted that if UE cannot access/find the SA-cell-defining SSB on the indicated raster position or on any raster entries in the indicated band, UE should search the SA-cell-defining SSB on all the raster entries, i.e., this valid raster indication could not mean that UE is not necessary to search SA-cell-defining SSB on some raster entries as argued in Observation 2.
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Figure 2: Proposed signaling details in different cases

Table I: Example of valid search raster position indication within the same band
	Part of ssb-subcarrier-offset bits {2 bits}
	pdcchConfigSIB1 bits {8 bits}
	Offset to the next sync raster point with cell-defining SSB

	{0, 0}
	0
	+1

	{0, 0}
	1
	+2

	{0, 0}
	2
	+3

	…
	…
	…

	{0, 0}
	254
	+255

	{0, 0}
	255
	+256

	{0, 1}
	0
	+257

	{0, 1}
	1
	+258

	…
	…
	 

	{0, 1}
	78
	+335

	{0, 1}
	79
	+336

	{0, 1}
	80
	-1

	{0, 1}
	81
	-2

	…
	…
	…

	{0, 1}
	255
	-176

	{1, 0}
	0
	-177

	{1, 0}
	1
	-178

	…
	…
	…

	{1, 0}
	158
	-335

	{1, 0}
	159
	-336

	{1, 0}
	160
	Reserved

	…
	…
	…

	{1, 0}
	255
	Reserved

	{1, 1}
	0
	Reserved

	…
	…
	…

	{1, 1}
	255
	Reserved


3. Conclusion
In this contribution, we discussed further details on valid search raster indication.

Based on the discussion above, we made following observations and proposals.

Observation 1: Valid search raster indication based on the last meeting conclusion can be used in case that there are both SA-cell-defining SSB and non-SA-cell-defining SSB within the same band. Such case would not be general scenario considering PCell offloading.
Observation 2: Valid search raster indication based on the last meeting conclusion cannot be used in case that there is only single type of SSBs within the same band while different types of SSB are in different bands. Indication of no valid search raster point within the band should not be considered since there may be other operator’s CC(s) having SA-cell-defining SSB within the same band.
Proposal 1: NR supports a mechanism for indicating valid search raster position or range outside the band in addition to a mechanism for indicating valid search raster position within the same band.
Observation 3: To support a mechanism for indicating valid search raster position/range, using only 8 bits of pdcchConfigSIB1 and some remaining code-points in ssb-subcarrier-offset is not sufficient.
Proposal 2: Some additional signaling entries in the PBCH are to be used to inform the UE of the valid raster position/range.
Observation 4: When SSB on the sync raster indicates cellbarred is “barred” and intraFreqReselection is “not allowed”, there is no need to indicate PRB grid offset between SSB and whole ssb-subcarrier-offset bits can be used for other purpose.
Proposal 3: When SSB on the sync raster indicates cellbarred is “barred” and intraFreqReselection is “not allowed”, UE assumes ssb-subcarrier-offset bits in NR-PBCH are used as follows.

· 1 bit in ssb-subcarrier-offset is used to indicate RMSI presence
· 1 bit in ssb-subcarrier-offset is used to indicate whether valid search raster is located within the same band or not
· Remaining 2 bits in ssb-subcarrier-offset are used to indicate valid search raster position/range together with 8 bits of pdcchConfigSIB1
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