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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]In the last RAN2 meetings, SI message capacity issue was discussed. There was an e-mail discussion: 
R2-2111248	On the need of providing explicit SI start position for SI Scheduling	Ericsson, Verizon, Deutsche Telekom, Softbank, Swift Navigation, ESA, T-Mobile USA	discussion	Rel-17
-	[049] Chair: There seems to be support to have a solution, not yet clear which one and TBD which release. There is support to analyse the issue one round bring more clarity. 
-	[049] Chair: As baseline Assume this is for Rel-17. 
Long email discussion, both more details on the problem, and the possible solution variants. 

[Post116-e][087][TEI17] Explicit SI start position for SI Scheduling (Ericsson)
	Scope: Make progress, based on R2-2111248, and comments provided, e.g. in discussion R2-2111537. Include both problem aspects and solution aspects. Attempt to conclude for which scenarios in reality a solution is needed, Attempt to conclude on solution. 
	Intended outcome: Report (can contain TP parts for solution discussion/report)
	Deadline: Long 
In this contribution, we focus on the issue and share our opinion.
2. Discussion
As baseline the assumption is that this is for Rel-17, i.e., the solution is introduced from Rel-17. In the “[Post116-e][087][TEI17] Explicit SI start position for SI Scheduling” e-mail discussion [1], regarding how to solve the problem there are the following options:
a) only provide solution to limit the problem for posSI scheduling from Rel-16 (Motivation (6.1) including brief description of solution (6.2) and (Text Proposal)  (6.3): Annex A Offset based)
b) combined solution for positioning SIBs from Rel-16 and NR SIBs from Rel-17 (Motivation (7.1) including brief description of solution (7.2) and Text Proposal  (7.3): Annex B Explicit Indication)
c) both a and b; where for b the SIBs considered are from Rel-17; i.e combined Solution for NR Rel-17 SIBs and positioning SIBs from Rel-17 
d) only provide solution to limit the problem for posSI scheduling from Rel-16 with maging sentence so that the existing offsetToSI-Used is simply applied based on the shortest configured SI periodicity, rather than on the fixed value of 80 ms. This solution is simplified version of solution a) with minimum spec change
e) only provide solution to limit the problem considering new SIBs added from Rel-17 as solution provided in Annex B but without Rel-16 posSIBs.
f) solution (Motivation (8.1) including brief description of solution (8.2) and Text Proposal  (8.3): Annex C Null entry), further considering which SIBs can be applied for the new scheme, there are two branches:
f1): only provide solution to limit the problem considering new SIBs added from Rel-17
f2): combined solution for positioning SIBs from Rel-16 and NR SIBs from Rel-17
Actually, there are two questions involved in the above options:
· Question 1: whether to consider Rel-16 SIBs or only consider new-added SIBs from Rel-17? 
· Question 2: technically speaking, what scheme to solve the SI capacity problem?
For Question 1, if we consider Rel-16 SIBs but the solution is introduced from Rel-17, there may be backward compatibility issue, e.g., in the scenario of Rel-16 UE and Rel-17 gNB, the Rel-16 UE does not know the Rel-17 introduced new scheme and consequently can not obtain the Rel-16 SIBs with new scheme. Therefore, we suggest that Rel-16 SIBs use the existing scheme unless the new scheme is introduced from Rel-16. 
Proposal 1: Rel-16 SIBs use the existing scheme unless the new scheme is introduced from Rel-16.
For SI message scheduling, the existing scheme is as below: 


For Question 2, from the technical view there are three different methods in the above options:
· Method 1 (magic sentence method): the existing offsetToSI-Used is simply applied based on the shortest configured SI periodicity, rather than on the fixed value of 80ms.
· Method 2 (explicit indication based method): introduce new scheduling list with explicit indication of SI window.
· [bookmark: _Hlk92217714]Method 3 (null entry based method): introduce new scheduling list with allowing null entry. Based on existing scheme, when there is collision for one entry, the position of the entry can be set to null to avoid collision.
In the current specification, the offsetToSI-Used may be present only if the shortest configured SI message periodicity in schedulingInfoList is 80ms. 
	offsetToSI-Used
This field, if present indicates that all the SI messages in posSchedulingInfoList are scheduled with an offset of 8 radio frames compared to SI messages in schedulingInfoList. offsetToSI-Used may be present only if the shortest configured SI message periodicity for SI messages in schedulingInfoList is 80ms. If SI offset is used, this field is present in each of the SI messages in the posSchedulingInfoList.


With Method 1, there is backward compatibility issue. For example, in the scenario of Rel-16 UE and Rel-17 gNB, if the shortest SI periodicity is 160ms and the offsetToSI-Used is present, Rel-16 UE behavior is unclear since according to Rel-16 specification the offsetToSI-Used should not be present at this moment. Even if Rel-16 UE does not perform the check, 80ms offset will be used which also does not align with gNB’s 160ms offset. As a consequence, Rel-16 UE can not obtain the SI messages. 
Observation 1: Magic sentence method has the backward compatibility issue.
With Method 2 and Method 3, new scheduling list (e.g., schedulingInfoList2) is introduced for new-added SIBs from Rel-17 in order to avoid the backward compatibility issue. Method 2 has the following advantages compared with Method 3:
· Method 2 follows the existing scheme (i.e., SI-window is determined by the order of entry in the list of SI messages).
· Less specification impact, e.g., using the existing scheme to determine the SI-window, not introducing new field (e.g., si-WindowStart) so that existing IE SchedulingInfo can be reused.
· Less signalling overhead since SI-message-specific si-WindowStart consumes more overhead.
For example, if the si-WindowLength is s20 (20 slots) and subcarrier space is 30KHz, one SI window occupies one radio frame. The scheduling in the schedulingInfoList is as below:
Table 1: scheduling in the schedulingInfoList
	The order in the schedulingInfoList
	SI Number
	Periodicity

	1
	SI-1
	80ms

	2
	SI-2
	80ms

	3
	SI-3
	160ms

	4
	SI-4
	160ms

	5
	SI-5
	320ms

	6
	SI-6
	320ms

	7
	SI-7
	320ms

	8
	SI-8
	320ms


Now SI-9, SI-10, SI-11 and SI-12 with 320ms periodicity need to be introduced. The expected scheduling is as below:


Figure 1: the expected scheduling with SI-9, SI-10, SI-11 and SI-12

With Method 2, the scheduling in the schedulingInfoList2 may be as below:
Table 2: scheduling in the schedulingInfoList2 with Method 2
	The order in the schedulingInfoList2
	SI Number
	Periodicity

	1
	Null entry
(keep away from SI-1)
	

	2
	Null entry
(keep away from SI-2)
	

	3
	SI-9
	320ms

	4
	SI-10
	320ms

	5
	SI-11
	320ms

	6
	SI-12
	320ms


[bookmark: _Hlk92439305]Then, the concatenated list of schedulingInfoList and schedulingInfoList2 is as below:
Table 3: scheduling in the concatenated list with Method 2
	The order in the concatenated list
	SI Number
	Periodicity

	1
	SI-1
	80ms

	2
	SI-2
	80ms

	3
	SI-3
	160ms

	4
	SI-4
	160ms

	5
	SI-5
	320ms

	6
	SI-6
	320ms

	7
	SI-7
	320ms

	8
	SI-8
	320ms

	9
	Null entry
(keep away from SI-1)
	

	10
	Null entry
(keep away from SI-2)
	

	11
	SI-9
	320ms

	12
	SI-10
	320ms

	13
	SI-11
	320ms

	14
	SI-12
	320ms


With Method 2, one additional bit is needed for one entry in the schedulingInfoList2. There are 6 entries in the schedulingInfoList2, therefore 6*1=6 additional bits are needed. The calculation formula is as below:
Additional bits = n + m
Wherein, n is the number of SI messages in the schedulingInfoList2, m is the number of null entries (i.e., the number of collision positions). 
With Method 3, the scheduling in the schedulingInfoList2 may be as below:
Table 4: scheduling in the schedulingInfoList2 with Method 3
	The order in the schedulingInfoList2
	SI Number
	si-WindowStart
	Periodicity

	1
	SI-9
	11
	320ms

	2
	SI-10
	12
	320ms

	3
	SI-11
	13
	320ms

	4
	SI-12
	14
	320ms


With Method 3, 7 additional bits are needed to indicate one si-WindowStart for one entry in the schedulingInfoList2. There are 4 entries in the schedulingInfoList2, therefore 4*7 = 28 additional bits are needed. The calculation formula is as below:
Additional bits = 7*n
Wherein, n is the number of SI messages in the schedulingInfoList2.
From the above analysis, Method 2 has much less signalling overhead compared with Method 3. When there are more SIBs, the overhead reduction is quite significant. Therefore, we suggest:
Proposal 2: RAN2 to adopt the null entry based method.
According to existing SI scheduling scheme, idle SI windows are always consecutive till the tail of certain periodicity, e.g., idle SI window are 11-16 in the above example. With Method 2, each SI message is configured with one 7bits si-WindowStart. If Method 2 is agreed, we suggest that the si-WindowStart is optional to reduce signalling overhead.
Proposal 3: If explicit indication based method is adopted by RAN2, the si-WindowStart should be optional to reduce signalling overhead.

3. Conclusion
Based on the discussion, we propose the following:
Proposal 1: Rel-16 SIBs use the existing scheme unless the new scheme is introduced from Rel-16.
Observation 1: Magic sentence method has the backward compatibility issue.
Proposal 2: RAN2 to adopt the null entry based method.
Proposal 3: If explicit indication based method is adopted by RAN2, the si-WindowStart should be optional to reduce signalling overhead.

4. Reference
[1]. R2-2200046	Report on Explicit SI start position for SI Scheduling	(Ericsson)

5. Annex (Text Proposal for null entry based method)

5.2.2.3.2	Acquisition of an SI message
For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.
When acquiring an SI message, the UE shall:
1>	determine the start of the SI-window for the concerned SI message as follows:
2>	if the concerned SI message is configured in the schedulingInfoList 
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in si-SchedulingInfo in SIB1;
3>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
2>	else if the concerned SI message is configured in the schedulingInfoList2:
3>	if both the posSchedulingInfoList and offsetToSI-Used is configured:
4>	create a concatenated list of SI messages by appending the schedulingInfoList2 in si-SchedulingInfo in SIB1 to schedulingInfoList in si-SchedulingInfo in SIB1;
NOTE:	Network ensures that the entries in the schedulingInfoList2 are set to NULL whose SI windows collide with the ones corresponding to posSIs in the posSchedulingInfoList.
3>	else: 
4>	create a concatenated list of SI messages by appending in turn the posSchedulingInfoList (if configured) in posSI-SchedulingInfo in SIB1 and the schedulingInfoList2 in si-SchedulingInfo in SIB1 to schedulingInfoList in si-SchedulingInfo in SIB1;
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the concatenated list;
3>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the posSI-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
2>	else if the concerned SI message is configured in the posSchedulingInfoList and offsetToSI-Used is not configured:
3>	create a concatenated list of SI messages by appending the posSchedulingInfoList in posSI-SchedulingInfo in SIB1 to schedulingInfoList in si-SchedulingInfo in SIB1;
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the concatenated list;
3>	determine the integer value x = (n – 1) × w, where w is the si-WindowLength;
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the posSI-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];
2>	else if the concerned SI message is configured by the posSchedulingInfoList and offsetToSI-Used is configured:
3>	determine the number m which corresponds to the number of SI messages with an associated si-Periodicity of 8 radio frames (80 ms), configured by schedulingInfoList in SIB1;
3>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by posSchedulingInfoList in SIB1;
3>	determine the integer value x = m × w + (n – 1) × w, where w is the si-WindowLength
3>	the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N) +8, where T is the posSI-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];1>	receive the PDCCH containing the scheduling RNTI, i.e. SI-RNTI in the PDCCH monitoring occasion(s) for SI message acquisition, from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received;
1>	if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message in the current modification period;
NOTE 1:	The UE is only required to acquire broadcasted SI message if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
NOTE 2:	The UE is not required to monitor PDCCH monitoring occasion(s) corresponding to each transmitted SSB in SI-window.
NOTE 3:	If the concerned SI message was not received in the current modification period, handling of SI message acquisition is left to UE implementation.
NOTE 4:	A UE in RRC_CONNECTED may stop the PDCCH monitoring during the SI window for the concerned SI message when the requested SIB(s) are acquired.
NOTE 5:	A UE capable of NR sidelink communication and configured by upper layers to perform NR sidelink communication on a frequency, may acquire SIB12 from a cell other than current serving cell (for RRC_INACTIVE or RRC_IDLE) or current PCell (for RRC_CONNECTED), if SIB12 of current serving cell (for RRC_INACTIVE or RRC_IDLE) or current PCell (for RRC_CONNECTED) does not provide configuration for NR sidelink communication for the frequency, and if the other cell providing configuration for NR sidelink communication for the frequency meets the S-criteria as defined in TS 38.304 [20] and TS 36.304 [27].

1>	perform the actions for the acquired SI message as specified in sub-clause 5.2.2.4.
<Unmodified sections omitted>


–	SI-SchedulingInfo
The IE SI-SchedulingInfo contains information needed for acquisition of SI messages.
SI-SchedulingInfo information element
-- ASN1START
-- TAG–SI-SCHEDULINGINFO-START

SI-SchedulingInfo ::=               SEQUENCE {
    schedulingInfoList                  SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,
    si-WindowLength                     ENUMERATED {s5, s10, s20, s40, s80, s160, s320, s640, s1280},
    si-RequestConfig                    SI-RequestConfig                                                OPTIONAL,  -- Cond MSG-1
    si-RequestConfigSUL                 SI-RequestConfig                                                OPTIONAL,  -- Cond SUL-MSG-1
    systemInformationAreaID             BIT STRING (SIZE (24))                                          OPTIONAL,   -- Need R
    ...,
    schedulingInfoList2-r17             SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo2-r17     OPTIONAL   -– Need R
}

SchedulingInfo ::=                  SEQUENCE {
    si-BroadcastStatus                  ENUMERATED {broadcasting, notBroadcasting},
    si-Periodicity                      ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    sib-MappingInfo                     SIB-Mapping
}

SchedulingInfo2-r17 ::=            CHOICE {
    null                             		NULL,
    schedulingInfo-r17       			SchedulingInfo,
    posSchedulingInfo-r17       		PosSchedulingInfo-r16,
    spare			       			NULL
}

SIB-Mapping ::=                     SEQUENCE (SIZE (1..maxSIB)) OF SIB-TypeInfo

SIB-TypeInfo ::=                    SEQUENCE {
    type                                ENUMERATED {sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9,
                                                     sibType10-v1610, sibType11-v1610, sibType12-v1610, sibType13-v1610, sibType14-v1610,
                                                    spare3, spare2, spare1,... },
    valueTag                            INTEGER (0..31)                                                  OPTIONAL, -- Cond SIB-TYPE
    areaScope                           ENUMERATED {true}                                                OPTIONAL -- Need S
}

-- TAG-SI-SCHEDULINGINFO-STOP
-- ASN1STOP

	SchedulingInfo field descriptions

	areaScope
Indicates that a SIB is area specific. If the field is absent, the SIB is cell specific.

	si-BroadcastStatus
Indicates if the SI message is being broadcasted or not. Change of si-BroadcastStatus should not result in system information change notifications in Short Message transmitted with P-RNTI over DCI (see clause 6.5). The value of the indication is valid until the end of the BCCH modification period when set to broadcasting.

	si-Periodicity
Periodicity of the SI message in radio frames. Value rf8 corresponds to 8 radio frames, value rf16 corresponds to 16 radio frames, and so on.



	SI-RequestResources field descriptions

	ra-AssociationPeriodIndex
Index of the association period in the si-RequestPeriod in which the UE can send the SI request for SI message(s) corresponding to this SI-RequestResources, using the preambles indicated by ra-PreambleStartIndex and rach occasions indicated by ra-ssb-OccasionMaskIndex.

	ra-PreambleStartIndex
If N SSBs are associated with a RACH occasion, where N > = 1, for the i-th SSB (i=0, …, N-1) the preamble with preamble index = ra-PreambleStartIndex + i is used for SI request; For N < 1, the preamble with preamble index = ra-PreambleStartIndex is used for SI request.



	SI-SchedulingInfo field descriptions

	si-RequestConfig
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to notBroadcasting.

	si-RequestConfigSUL
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to notBroadcasting.

	si-WindowLength
The length of the SI scheduling window. Value s5 corresponds to 5 slots, value s10 corresponds to 10 slots and so on. The network always configures si-WindowLength to be shorter than or equal to the si-Periodicity.

	systemInformationAreaID
Indicates the system information area that the cell belongs to, if any. Any SIB with areaScope within the SI is considered to belong to this systemInformationAreaID. The systemInformationAreaID is unique within a PLMN.



	SchedulingInfo2 field descriptions

	SchedulingInfo2
Choice of null corresponds to a placeholder, which can be used for avoiding the collision of SI window or other purpose.
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