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RAN2 has agreed and captured in TS 38.304 [1] that “Parameters nB, PF_offset, and the length of default DRX Cycle are signaled in SystemInformationBlock1.” However, in the endorsed RRC specification [2], the detail of PCCH-Config (in DownlinkConfigCommonSIB) is still FFS.
PCCH-Config ::=					ENUMERATED {ffsTypeAndValue}

In this contribution, we discuss PCCH configuration in NR. Corresponding RRC CR is provided as [3]. 
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Configuration of PF_offset
In NR, SFN of paging frame (PF) is determined by the following formula:
(SFN + PF_Offset mod T) = (T div N)*(UE_ID mod N)
The difference between NR and LTE formulae is that we introduce a “PF_offset” in NR. The offset is needed for UE to align its paging frame with SSB-carrying frame (e.g. in Pattern 2 and 3 of SSB-PO “default association”). Consider a paging configuration with nB = T/2, i.e. every two frames can be a PF, and SSB-PO association Pattern 2 or 3. The PF offset configurations are different for different SSB periodicities.
· If SSB periodicity = 10 ms, PF_offset = 0
· If SSB periodicity = 20 ms (SSB appears in every 2 frames), and SSB offset is 10 (configured in periodicityAndOffset in SSB-MTC), PF_offset is 1 (a fixed value)
· If SSB periodicity = 40 ms (SSB appears in every 4 frames), and SSB offset is 10, PF_offset is 1 or 3, depending on UE ID
The three cases are illustrated in the figure below.


Figure 1	PF_offset for different SSB periodicities
In the third case (SSB periodicity = 40 ms, nB=T/2), different PF_offset values are needed for different PFs, more precisely, for PFs with different “UE_ID mod N” value.
We have two options for the PF_offset configuration:
Opt. 1: Network can configure only one PF_offset value
With this option, the PF_offset applies to all PFs. For nB laregr than or equal to T, PF_offset is not configured (NULL). For nB less than T, PF_offset ranges from 0 to T/nB - 1. In other words, at most one PF_offset is configured in SIB1, and the value of PF_Offset ranges from 0 to T/N - 1 (N = min(nB,T)). If networks configures SSB less frequent than PF (e.g., one SSB-carry frame every 4 frames but one PF every two frames), Pattern 2 & 3 of “default association” may not be applicable since some PFs can never be aligned with the SSB-carrying frame.
Observation 1:	If networks configures only one PF_offset and SSB is less frequent than PF, Pattern 2 & 3 of default association may not be applicable.
The ASN.1 text for this option is provided below.
PCCH-Config ::=						SEQUENCE {
	defaultPagingCycle					ENUMERATED {
											rf32, rf64, rf128, rf256},
	nBAndPagingFrameOffset				CHOICE {
		fourT									NULL, 
		twoT									NULL, 
		oneT									NULL, 
		halfT									INTEGER (0..1),
		quarterT								INTEGER (0..3),
		oneEighthT								INTEGER (0..7),
		oneSixteenthT							INTEGER (0..15)
	}
}

Opt. 2: Network can configure either one or multiple PF_offset values
With this option, the network can configure T/N (N=min(T,nB)) PF offsets, and the n-th value is applied to a PF with n=UE_ID mod N. For example, in the third case in Figure 1, the network may configure two PF_offset values (1 and 3), for PF with UE_ID mod N = 0 and 1, respectively. Since the maximum SSB periodicity is 160ms (16 frames), there can be at most 16 PF offsets and the value ranges from 0 to 15.
The ASN.1 text for this option is provided below.
PCCH-Config ::=				SEQUENCE {
	defaultPagingCycle			ENUMERATED {
									rf32, rf64, rf128, rf256},
	nB							ENUMERATED {
									fourT, twoT, oneT, halfT, quarterT, oneEighthT,
									oneSixteenthT}
	pagingFrameOffsets			SEQUENCE (SIZE (1..16)) OF INTEGER (0..15)	OPTIONAL,	-- Need R
}

We prefer Opt. 1 for the following reasons:
· Opt. 1 is simpler and introduces less overhead than Opt. 2.
· Pattern 2 and 3 of SSB-PO default association are applicable only in FR2, where faster channel variation is expected due to higher carrier frequency, and it makes sense to configure more frequent SSB, at least no sparser than PF.
Therefore, we have the following proposals:
Proposal 1:	At most one PF_offset is configured in SIB1, and the value of PF_Offset ranges from 0 to T/N - 1.
Proposal 2:	Adopt the ASN.1 text in Opt. 1.
Conclusion
We have the following observation:
Observation 1:	If networks configures only one PF_offset and SSB is less frequent than PF, Pattern 2 & 3 of default association may not be applicable.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	At most one PF_offset is configured in SIB1, and the value of PF_Offset ranges from 0 to T/N - 1.
Proposal 2:	Adopt the ASN.1 in Opt. 1.
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