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1. Introduction
This contribution discusses remaining aspects on RMSI, OSI and paging design. Our views on issues raised in RAN2 LS [1] on broadcast SI and paging are provided in [4] together with RLM and BM. 
2. [bookmark: _Hlk506291569]RMSI
Based on the existing specification and agreements, RMSI CORESET and OSI CORESET could be completely overlapped since they might follow the same CORESET configuration in PBCH. Furthermore, the PDCCH monitoring occasions for RMSI and OSI could be identical. Hence, the PDCCH search space for RMSI and OSI could be overlapped. From UE perspectives, such overlapping would bring confusion to UE once it decodes a DCI in the sense it does not know whether the decoded DCI is meant for RMSI or OSI. If it makes some assumption on DCI (e.g., assuming DCI is for RMSI), it could delay RMSI acquisition when such DCI is actually meant for OSI. Such confusion might lead to high UE power consumption and SI acquisition latency. As a result, RAN2 agreed that “There needs to be a way to differentiate SIB1 scheduling from other SI scheduling (the actual mechanism might depend on RAN1 discussion)” in the last meeting (RAN2 #AH-1807). 
Agreements
1	SI-windows do not overlap.
2	Use the LTE mapping to define the subframes/slots where SI messages are transmitted
[bookmark: _Hlk520896374]3	There needs to be a way to differentiate SIB1 scheduling from other SI scheduling (the actual mechanism might depend on RAN1 discussion)
4	UE is not required, but is permitted, to support accumulating SI Message transmissions across several SI Windows within the Modification Period (i.e. the FFS on this can be removed)

There could be following possible options to handle such overlapping scenario. 
· Option 1: Use one reserved bit in DCI scrambled by SI-RNTI for signalling whether DCI is for RMSI or OSI
· Option 2: Different RNTIs are introduced for RMSI PDCCH and OSI PDCCH.
Compared to Option 1, Option 2 could increase the false alarm of DCI detection since DCI CRC is scrambled by one SI-RNTI for RMSI and a different SI-RNTI for OSI. Furthermore, based on TS 38.321, only single SI-RNTI is specified so far. Hence, Option 2 would require some change in RAN2 spec.
	[bookmark: _Hlk521658674]TS 38.321 [3]
Table 7.1-1: RNTI values.
	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001–FFEF
	RA-RNTI, Temporary C-RNTI, C-RNTI, CS-RNTI, TPC-CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI, and SP-CSI-RNTI

	FFF0–FFFD
	Reserved

	FFFE
	P-RNTI

	FFFF
	SI-RNTI






Observation 1: Introducing different RNTIs for RMSI PDCCH and OSI PDCCH increases DCI detection false alarm.
[bookmark: _GoBack]It should be noted that DCI format 1_0 with scrambled by SI-RNTI has 16 reserved bits [6]. Hence we could use one of these bits to signal DCI for RMSI or OSI.
[bookmark: _Hlk513800358]Proposal 1: Use one reserved bit in DCI with CRC scrambled by SI-RNTI for signaling whether DCI is for RMSI or OSI.
3. OSI 
RAN1 made the following agreements:
	Agreements (Jan. 2018)

· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.



The above agreements imply that an SI window contains K Type0A-PDCCH monitoring occasions (PMO) and each PMO corresponds to one actually transmitted SS/PBCH block as illustrated in Figure 1.
Observation 2: An SI window contains K Type0A-PDCCH monitoring occasions (PMO) and each PMO corresponds to one actually transmitted SS/PBCH block. 



[bookmark: _Ref520901826]Figure 1: PDCCH monitoring duration for all actually transmitted SSBs
[bookmark: _Hlk519761051]TS 38.331 provides a baseline design for SI acquisition which is typical to LTE’s SI acquisition. In particular, UE first determines the starting of SI window and then search for SI message over SI-window. However, the SI window might need to be sufficiently large for beam-sweeping an SI message. Such a large SI window duration leads to a longer PDCCH monitoring duration and consequently higher UE power consumption (than LTE counterpart design). 

Observation 3: Monitoring Type0A-PDCCH over an SI window consumes high UE power in multi-beam systems.

To reduce the PDCCH monitoring duration and hence UE power, we should follow the same design principles as RMSI monitoring occasion (PMO) design for SSB/RMSI multiplexing pattern 1. In particular, for a given SSB, UE should know the timing within SI window to start searching for PDCCH and how long UE should search for it, which could be much shorter than SI window duration as illustrated in Figure 2. In principle, this is also similar to RAN2’s design for paging as communicated in [3].



[bookmark: _Ref520901818]Figure 2: Beam specific PDCCH monitoring duration

Observation 4: For UE power savings, Type0A-PDCCH monitoring occasion and duration should follow the same design principles used for SSB/RMSI multiplexing pattern 1.
Proposal 2: RAN1 specifies starting time and duration for Type0A-PDCCH monitoring occasion for an SI message within SI window for an actually transmitted SS/PBCH block.
An association between an actually transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI is to be known at the UE. A concern in transmitted SSB is that for above-6GHz, when UE might know two different SSB bitmaps (compressed bitmap in SIB1 and full bitmap in RRC), which bitmap UE should use for a PDCCH monitoring window. Note that the compressed bitmap is superset of the full bitmap. Hence, it is preferable to use the compressed bitmap in SIB1.
Proposal 3: Use the SSB bitmap transmitted in SIB1 for determining the association between an actually transmitted SSB and PDCCH monitoring occasion.
Similar to LTE, SI message transmission should allow re-transmission for achieving some desired link budget (the number of actual SI-message transmissions within an SI window is upto the network.)
[bookmark: _Hlk521331081]Proposal 4: NR supports re-transmission for SI message within an SI window.
If re-transmission/repetition within an SI window is supported for SI message, one of the following option might be specified.
· Option 1: Repetition first and then PMO




· Option 2: PMO first and then repetition



4. Paging 
4.1 Short Message Overhead

In [5], RAN2 asks the following question to RAN1.
	Q1: How many spare bits should RAN2 specify in 38.331 when scheduling information is present and also when it is not present.



38.212 [6] defines the payload of PDCCH scrambled by P-RNTI in the following way:

“The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by P-RNTI:
-	Short Messages Indicator – 2 bits according to Table 7.3.1.2.1-1. 
-	Short Messages – [8] bits, according to Subclause x.x of [9, TS38.331]. If only the scheduling information for Paging is carried, this bit field is reserved.

-	Frequency domain resource assignment – bits.  If only the short message is carried, this bit field is reserved.

-	 is the size of the initial DL bandwidth part
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]. If only the short message is carried, this bit field is reserved.
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.1.2-33. If only the short message is carried, this bit field is reserved.
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1. If only the short message is carried, this bit field is reserved.
-	TB scaling – 2 bits as defined in Subclause 5.1.3.2 of [6, TS38.214]. If only the short message is carried, this bit field is reserved.
-	Reserved bits – 6 bits”

Based on above format and assuming that 6 bits will be reserved for the DCI, when scheduling information is present; 8 bits should be specified for the short message indicator. Since RAN2 already defined 2 bits for short message, 6 additional spare bits should be specified in 331 without scheduling information.
When scheduling information is not present, several parameters will not be present in paging PDCCH. Following table lists these parameters and their corresponding overhead:					
	Parameter
	Overhead (bits)
	Comment

	Time domain assignment
	4
	--

	VRB-to-PRB mapping
	1
	--

	MCS
	5
	--

	TB scaling
	2
	--

	Frequency domain resource assignment
	9 
	Obtained from minimum initial DL BWP size of 24 RBs [ref: 7]

	Total
	21
	


Table: Unused parameters of paging PDCCH in the absence of scheduling information
Hence, 21 additional bits can be used, on top of already dedicated 8 bits, for short message when scheduling information is absent. Since RAN2 already defined 2 bits for short message, 21 + 8 – 2 = 27 additional bits should be defined as spare bits for short message indicator.
Observation 5: When scheduling information is present, current paging DCI format allocates 8 and 21 bits for short message and scheduling information respectively. When scheduling information is not present, the associated 21 bits can also be used for short message.
Observation 6: RAN2 has already defined 2 bits for short paging message in Rel-15.
Proposal 5: 
· RAN2 should specify 6 spare bits for short message in 38.331 when scheduling information is present.
· RAN2 should specify 27 spare bits for short message in 38.331 when scheduling information is not present.

4.2 Paging Monitoring Occasion

RAN2 has sent two LS to RAN1 in [8] and [9], informing its opinions regarding paging monitoring occasions. RAN2 mentioned the following agreements:

RAN2 provides the following view in its LS:
1. (SFN mod T) = (T div N)*(UE_ID mod N) to derive a “first reference point” where, 
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied)
nB: number of total paging occasions in T
N: min(T,nB)
UE_ID: IMSI mod 1024
Parameters nB and length of default DRX Cycle are signaled in SIB1.
1. PF = “first reference point” + offset
The offset is signalled in SIB1.
1. Let i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T). 

We note that for default association Ns is either 1 or 2. For Ns = 1, PO is the set of RMSI monitoring occasions in the PF. For Ns = 2, PO is the set of RMSI monitoring occasions in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.

RAN2 also made the following agreement and mentioned it in its other LS:
0	Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.
1	For non-default association, one PO comprises of ‘N’ useful paging PDCCH monitoring occasion where ‘N’ is equal to number of actual transmitted SSBs.  RAN2 understanding is that the Kth monitoring occasion in the PO is corresponded to the Kth transmitted SSB.
2	For non-default association, (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The useful paging PDCCH monitoring occasions starting from 1st useful paging PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero. FFS the necessity to introduce additional parameter to indicate the first PDCCH monitoring occasion of each PO in a PF.
3	Support to configure Ns and N value instead of nB.

The two LSs suggest that, for non-default association, UE that has woken up in (i_s+1)th PO and detected (n+1)-th SSB needs to know following information to find its paging monitoring occasion:
a) Location of the 1st paging monitoring occasion (which corresponds to the first PO).
b) Offset between the 1st paging monitoring occasion and (i_s * N + n)th paging monitoring occasion.
Configuring #b for each PDCCH monitoring occasion will consume a lot of overhead. One option is to configure an offset between consecutive PDCCH monitoring occasions. However, if multiple paging occasions get mapped to one slot, (similar to the case of RMSI monitoring occasion), configuring the same offset between consecutive paging monitoring occasion will not be able to fulfill requirements. Hence, a set of pre-fixed beam specific offsets need to be designed for different PDCCH monitoring occasion of each PO; network can configure one of those.
Observation 7: Configuring offset separately for each different paging PDCCH monitoring occasion consumes a lot of overhead. Configuring the same offset between each consecutive paging PDCCH monitoring occasions is not applicable to the scenario where multiple paging PDCCH monitoring occasions occur in the same slot.
Proposal 6: Following the principle of RMSI design, following equation could be used as a guideline to define the nth PDCCH monitoring occasion of i_sth PO. 
· , number of slots per frame in paging numerology)
·  is the starting offset of the 0th paging PDCCH monitoring occasion of 0th PO.
· is represented in terms of paging SCS.
· can start from the beginning of the paging search space. 
·  is the offset of n-th PDCCH monitoring occasion of i_sth PO and needs to be discussed in RAN1.
·  for different values of i_s and n need to be included in 213 spec.

5. Conclusion
This contribution has made the following observations and proposals:
Observation 1: Introducing different RNTIs for RMSI PDCCH and OSI PDCCH increases DCI detection false alarm.
Observation 2: An SI window contains K Type0A-PDCCH monitoring occasions (PMO) and each PMO corresponds to one actually transmitted SS/PBCH block. 
Observation 3: Monitoring Type0A-PDCCH over an SI window consumes high UE power in multi-beam systems.
Observation 4: For UE power savings, Type0A-PDCCH monitoring occasion and duration should follow the same design principles used for SSB/RMSI multiplexing pattern 1.
Observation 5: When scheduling information is present, current paging DCI format contains 8 and 21 bits for short message and scheduling information respectively. When scheduling information is not present, the associated 21 bits can also be used for short message.
Observation 6: RAN2 has already defined 2 bits for short paging message in Rel-15.
Observation 7: Configuring offset separately for each different paging PDCCH monitoring occasion consumes a lot of overhead. Configuring the same offset between each consecutive paging PDCCH monitoring occasions is not applicable to the scenario where multiple paging PDCCH monitoring occasions occur in the same slot.

Proposal 1: Use one reserved bit in DCI with CRC scrambled by SI-RNTI for signaling whether DCI is for RMSI or OSI.
Proposal 2: RAN1 specifies starting time and duration for Type0A-PDCCH monitoring occasion for an SI message within SI window for an actually transmitted SS/PBCH block.
Proposal 3: Use the SSB bitmap transmitted in SIB1 for determining the association between an actually transmitted SSB and PDCCH monitoring occasion.
Proposal 4: NR supports re-transmission for SI message within an SI window.
Proposal 5: 
· RAN2 should specify 6 spare bits for short message in 38.331 when scheduling information is present.
· RAN2 should specify 27 spare bits for short message in 38.331 when scheduling information is not present.
Proposal 6: Following the principle of RMSI design, following equation could be used as a guideline to define the nth PDCCH monitoring occasion of i_sth PO. 
· , number of slots per frame in paging numerology)
·  is the starting offset of the 0th paging PDCCH monitoring occasion of 0th PO.
· is represented in terms of paging SCS.
· can start from the beginning of the paging search space. 
·  is the offset of n-th PDCCH monitoring occasion of i_sth PO and needs to be discussed in RAN1.
·  for different values of i_s and n need to be included in 213 spec.
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