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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. 
In this contribution we discuss about remaining details on RMSI delivery. We look at RMSI content, payload sized and time frequency allocation. In addition, we discuss about CORESET configuration for RMSI delivery. 
This is a revision of R1-1716525.
2				RMSI delivery and content

2.1	Time-frequency allocation of RMSI
As there is a need in certain deployments to support sweeping of RMSI (i.e. transmission to different ‘beams’ in TDM manner), the payload size of RMSI has some implications to the control overhead and thereby system efficiency (while noting that the periodicity of RMSI can be relaxed compared to NR-PBCH as proposed below). As indicated by RAN2 in their earlier LS [3] they expect the total size of minimum system information be in order of 250 bits (with option to extend it). 
	Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions





In order to provide RMSI in beam sweeping manner, the number of symbols per one transmission (to one direction) should be minimized to minimize the system overhead. Based on above analysis it’s essentially important that RMSI can be allocated more wide frequency allocation than SS block frequency allocation of 24 PRBs where possible. In other words, the UE should support RMSI reception bandwidth being greater than 24 PRBs, preferably 48 (or even 96 PRBs) from system performance point of view. On the other hand, when total system bandwidth of 24 or 48 PRBs corresponding to 5 and 10 MHz, respectively, when using 15 kHz SCS, RMSI transmission bandwidth should also be supported. Thus, it’s concluded that RMSI bandwidth should be configurable and support wider bandwidths like 48 PRB in order to keep overhead small, especially when RMSI is transmitted in multi-beam manner. As quoted above it was agreed to support non-slot based transmission for RMSI and whether to support non-slot based scheduling for RMS was left open. In order to enable efficient sweeping mechanism for RMSI delivery it would seem preferable also to support non-slot based scheduling for paging PDCCH.
Observation: Supporting non-slot based PDCCH would enable more efficient sweeping mechanism for RMSI delivery.
In addition to configurable time-frequency allocation for RMSI, it should be considered whether RMSI could be partitioned into smaller payload transmissions to prevent need for long time domain allocations per transmission, especially in case of multi-beam transmission needed for RMSI. 
Proposal: Support larger frequency domain allocations for RMSI than 24 PRBs (equivalent to SS block bandwidth), e.g. 48 PRBs. 
Proposal: Consider whether RMSI could be partitioned into multiple transmission blocks, especially in case of multi-beam transmission used for RMSI.  
2.2	Indication of actually transmitted SS blocks
In RAN1#90 the mechanism and method to deliver the indication of actually used SS blocks was discussed, and it was left open whether the actually used locations would be provided via RMSI, and if provided what would be the method. As discussed in [4] and [5], having the actually used SSB indicated on RMSI could be benefitted to compress the paging sweeps and also the RACH resource association. 
In NR AH#3 following agreement and working assumption were taken: 
	[bookmark: _Hlk494450819]Agreements:
· Confirm working assumption of: 
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks

Working assumption:
· For indication in RMSI:
· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted





When considering different methods to deliver schemes discussed in last meeting, and reflecting the aspects raised above certain criteria’s can be considered. The method should enable sufficiently fine partition the SS blocks over the time. Enabling use of non-overlapping locations (from different cells) within limited time window or in case of large number of beams would be preferable. E.g. distributing few SS blocks in TDM manner between cells, or separating total number of beams to few blocks to avoid DL/UL data gaps. The method should also support sufficiently fine granularity in terms of actually transmitted SS blocks, both at the low end, and as well at the high end. With this in mind it would seem preferable to distribute the allowed SS block locations to groups and then provide one bit map to indicate the pattern applied on active groups as e.g. Alternative 1 considered in last meeting. While it would be preferable to increase the granularity in terms of used SS blocks by having larger number of groups (e.g. 16 groups), it is proposed to confirm the working assumption taken in last meeting and support indication of the actually used SS blocks. Hence it is proposed.-   
Proposal: Confirm the working assumption taken in RAN1 NR AH#3 and use indication method for actually transmitted SS blocks so that 8 bit bitmap indicates the active groups and one 8 bit bitmap for the used locations. 

3	CORESET for RMSI scheduling
3.1	Transmission configuration
Common PDCCH, like PDCCH to schedule PDSCH for RMSI, is to be transmitted using highest aggregation levels (4 or 8) in order to provide good cell edge performance. I.e. cell edge performance should be the main measure for the design. In [8] PDCCH performance with REG bundle sizes 2 and 6 is studied using interleaved REG to CCE mapping. Results show that in the cell edge conditions REG bundle size of 6 outperforms REG bundle size of 2 by more than one dB. That is because of improved channel estimation when operating with high aggregation levels. Regarding the configuration of CORESET for RMSI scheduling one target should be to minimize the number of required bits in NR-PBCH and thus we propose to fix REG bundle size to 6 for CORESET for RMSI scheduling.
Proposal: Support only REG bundle size 6 for CORESET for RMSI scheduling.
Similarly, in order to maximize frequency diversity, interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling. 
Proposal: Interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling.
3.2	Frequency-time configuration and multiplexing
RAN1#90 made the following agreement related CORESET configuration in NR-PBCH:
	Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band

Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM




Further, RAN1-AH#3 made the following agreements:
	[bookmark: _Hlk494540458]Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions

Conclusion:
· FFS FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported
· Note: this discussion is related to the bandwidth restriction related to UE




In general we consider the following principles for configuring CORESET for RMSI scheduling, RMSI monitoring and RMSI delivery:
· Support for both slot and non-slot based CORESET configuration
· Support only TDM multiplexing of CORESET with SS blocks
· Support configuring separately periodicity for CORESET and RMSI search space
· Support scheduling flexibility by defining a scheduling window for RMSI search space
· Support DCI based signaling to indicate UE whether PDSCH is to be rate matched or not if PDSCH for RMSI overlaps with SS block position
We consider that there should be different options defined for configuring either slot or non-slot based CORESETs to support single-beam and multi-beam transmission configurations. Exemplary slot based and two non-slot based CORESETs are presented in Figure 1 assuming CORESET with time allocation of two symbols. Non-slot based CORESET provides efficient support for beam sweeping operation, like also discussed in previous Section. CORESET periodicity for RMSI scheduling can be one slot. 
[image: ]
[bookmark: _Ref494473619]Figure 1 Slot and non-slot CORESETs for RMSI scheduling.
Proposal: Support both slot and non-slot CORESETs for RMSI scheduling.
RMSI transmission periodicity is expected to be lower than SS burst set periodicity; SS burst set periodicity supports periodicities 5, 10, 20, 40, 80 and 160 ms whereas RMSI transmission periodicities are considered to be e.g. 80 (LTE SIB1 periodicity), 160, 320 and 640 ms. For the cases when SS block burst set and RMSI delivery is to be transmitted in the same radio frame it should be possible transmit RMSI after SS burst set transmission, for instance so that SS burst set is transmitted within the first half frame of the radio frame and RMSI within the second half frame of the radio frame when SS burst set periodicity is > 5 ms. Then in cases where only RMSI is to be transmitted in the radio frame it should be possible to transmit RMSI within first half frame of the radio frame. Thus, we propose to have a 10 ms monitoring window for RMSI monitoring with a configured periodicity. Considered periodicities are 80, 160, 320 and 640 ms. 
Proposal: Support 10 ms RMSI monitoring window with configured periodicity.
Proposal: RMSI monitoring window (RMSI search space) periodicity is signalled in NR-PBCH with four different values [80, 160, 320, 640 ms]. 
Related to CORESET time-frequency allocation we make an assumption that the UE minimum bandwidth for below 6 GHz is at least 20 MHz, and 50 MHz above 6 GHz. If the actual bandwidth support would differ from this assumption, the values should be revisited. Thus, the considered supported number of PRBs in frequency domain as a function of subcarrier spacing are as follows for 15, 30, 60 and 120 kHz SCS:
Table 1 Supported PRB amount within minimum UE bandwidth
	SCS [kHz]:
	Supported PRB amount within minimum UE bandwidth
	System bandwidth [MHz]

	15
	24
	5

	
	24,48
	10

	
	24,48,96
	≥20

	30
	24
	10

	
	24, 48
	≥20

	60
	24, 48
	≥50

	120
	24
	≥50



Aggregation level 4 requires 24 PRBs and aggregation level 8 requires 48 PRBs in total. Given that CORESET length can be 1, 2 or 3 OFDM symbols, the number of combinations for frequency x time allocations is 3 x 3 = 9. On the other hand, to be able to support aggregation level 8 and limiting the frequency domain allocation in one symbol to be max 48 PRBs, the combinations presented in Table 2 would be allowed leaving us with 5 possible combinations.
[bookmark: _Ref492378414]Table 2 Frequency x time allocation combinations to support aggregation level 8
	Frequency allocation [#PRB]
	Time allocation [#symbols]

	24
	2,3

	48
	1,2,3



As a summary we conclude the following configuration for CORESET for RMSI scheduling is needed in NR-PBCH:
· Slot or one of non-slot based CORESET configurations: 2 bits
· ‘00’ – Slot based
· ‘01’ – Non-slot based with 2 CORESETs in 14 symbol slot
· ‘10’ – Non-slot based with 3 CORESETs in 14 symbol slot
· ‘11’ – TBD
· CORESET time-frequency allocation: 3 bits
· ‘000’ – 24 PRB and 2 symbols
· ‘001’ – 24 PRBs and 3 symbols
· ‘010’ – 48 PRBs and 1 symbol
· ‘011’ – 48 PRBs and 2 symbols
· ‘100’ – 48 PRBs and 3 symbols
· ‘101’ – No RMSI
· RMSI monitoring periodicity (RMSI search space periodicity): 2 bits
· ‘00’ – 80 ms
· ‘01’ – 160 ms
· ‘10’ – 320 ms
· ‘11’ – 640 ms
Observation: CORESET configuration including time and frequency allocation, periodicity can be signalled using 5 bits in NR-PBCH.
Observation: RMSI monitoring periodicity (RMSI search space periodicity) can be signalled using 2 bits in NR-PBCH. 
3.3	Rate matching and multiplexing
In RAN1 NR AH#3 it was agreed regarding the RMSI rate matching in respect to SS block resources:
	[bookmark: _Hlk494540701]Agreements:
· For rate matching purpose
· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 
· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources
· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI
· FFS: Confirm for each channel
· The signalling in RMSI is only for the associated SS/PBCH block
· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC




Decision “For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources” means that the gNB cannot schedule PDSCH carrying RMSI via DCI in a way that would e.g. partially overlap with the SS block transmission. That limits gNB’s scheduling flexibility for the RMSI transmissions. Consequence is that the gNB may need to transmit SS block(s) and PDSCH(s) for RMSI in different slots limiting gNB energy saving possibilities for instance. 
Observation: Agreement “For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources” limits gNB’s scheduling flexibility for RMSI transmissions. 
However we note that already in RAN1#90 an agreement was made to support in DCI to indicate UE whether or not UE should apply rate matching on preconfigured resources that overlap with allocated PDSCH:
	Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity




Now the aforementioned mechanism relates to PDCCH and PDSCH with forward compatible resources, but would imply support of L1-indication, e.g. PDCCH, based mechanism to determine the rate matching to be applied [9]. Hence when considering the initial access procedure related rate matching similar approach could be benefitted as follows:
· For RMSI reception UE assumes that resources which PDSCH (carrying RMSI) may or may not be mapped according to the possible SS block time locations (and RE’s) as indicated by specification. I.e. reserved ResourceSet is implicitly defined as SS block locations.
· In the PDCCH that schedules the RMSI, UE is indicated whether PDSCH can be mapped to the RE’s that overlap with the possible SS block locations
· Note naturally gNB scheduler needs to allocate sufficient resources for RMSI accounting the resources reserved by SS block. 
The agreement made in RAN1 NR AH#3 would mean that if FDM with SS block is desired, it would need to be indicated already in NR-PBCH in a static manner, i.e. UE would always have to assume in fixed manner all the RE’s marked by blue dashed line (possible SSB locations, illustrated in Figure 2), as reserved resources and rate match accordingly. Using the afore described approach with the forward compatible resources and PDCCH indication, would mean that network could do in addition to ‘TDM-type’ scheduling, also scheduling RMSI in FDM with SS block. When scheduling RMSI in FDM with SS block, naturally the allocation would need to be extended in frequency and/or time domain to ensure sufficiently performance. 
[image: ]
[bookmark: _Ref494543708]Figure 2. Illustration of frequency allocation on slot with SSB locations.

Hence, instead of fixing the assumption of the rate matching, the RMSI delivery could be dynamically handled by the gNB scheduler, enabling scheduling to be done also in locations where SS block is sent, and also when it is not sent (assumption from RAN1 NR AH#3). Note that depending on the flexibility of the L1 indication (assumed as PDCCH) the mapping could be indicated on SSB locations basis. If the indication is only 1 bit, then the reservation would need to be made on slot basis for the slot based scheduling. If non-slot based scheduling is used, the PDCCH based indication could be applied on the SSB locations that overlap with the scheduled PDSCH allocation. 
Observation: Using similar procedure as for PDSCH forward compatible resource reservation, the RMSI rate matching could be made to account the actually used SS block locations by gNB.
Also in relation to RRC bitmap of the RMSI locations, similar approach could be benefitted and instead of using semi static RRC signaled used SSB locations bit map to steer the UE behavior, the PDCCH scheduling indication of the valid mapping could be possible also extended here. Naturally this depends heavily on the extend of the L1 indication used, and if the indication would be required for PDCCH/PDSCH resource reservation, the bit map based approach would be needed.
Thus, if the L1 indication considered in context of forward compatible resources could be re-used, it is proposed to revert the decision made in last meeting (that for reception of PDSCH for RMSI it’s considered that UE should implicitly assume that no rate matching is needed), and allow the L1 indication (i.e. PDCCH scheduling) determine whether the scheduled PDSCH is rate-matched around the SS block positions or not when the allocation overlaps with the SS block locations. This would allow gNB transmit RMSI in both type of slots: one with SS block(s) and the other without SS block(s). This would also allow flexibly change between FDM and TDM multiplexing (or both). 
Proposal: For a scheduled PDSCH carrying RMSI that overlaps SS block positions in the cell, similarly as for forward compatible resources, L1 signaling indicates whether the scheduled PDSCH is rate-matched around the SS block positions or not. For initial access purposes, UE would treat the SS block locations as forward compatible resources in terms of PDSCH rate matching.

4	Conclusions
In this contribution we discussed about delivery of remaining minimum system information and remaining system information. 
In RAN1#90 it was agreed that the periodicity of SS block transmission is not carried in NR-PBCH. To enable IDLE mode measurements, the UE would need to made aware of the used periodicity on the intra-frequency layers. Hence like proposed in [1] RMSI should carry the periodicity information:-  
Proposal: RMSI carries SS burst set periodicity information for intra-frequency layer.
In Section 2.1 we discussed the time frequency allocation of the RMSI and made following observations and proposals:
Observation: Supporting non-slot based PDCCH would enable more efficient sweeping mechanism for RMSI delivery.
Proposal: Support larger frequency domain allocations for RMSI than 24 PRBs (equivalent to SS block bandwidth), e.g. 48 PRBs. 
Proposal: Consider whether RMSI could be partitioned into multiple transmission blocks, especially in case of multi-beam transmission used for RMSI.  
For the indication of actually transmitted SS blocks in RMSI we propose to confirm the working assumption from last meeting:- 
Proposal: Confirm the working assumption taken in RAN1 NR AH#3 and use indication method for actually transmitted SS blocks so that 8 bit bitmap indicates the active groups and one 8 bit bitmap for the used locations. 
Related to configuration of CORESET for RMSI scheduling the following observations and proposals are made:
Proposal: Support only REG bundle size 6 for CORESET for RMSI scheduling.
Proposal: Interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling.
Proposal: Support both slot and non-slot CORESETs for RMSI scheduling.
Proposal: Support 10 ms RMSI monitoring window with configured periodicity.
Proposal: RMSI monitoring window (RMSI search space) periodicity is signalled in NR-PBCH with four different values [80, 160, 320, 640 ms].
Observation: CORESET configuration including time and frequency allocation, periodicity can be signalled using 5 bits in NR-PBCH.
Observation: RMSI monitoring periodicity (RMSI search space periodicity) can be signalled using 2 bits in NR-PBCH. 
Finally in Section 3.3 we consider the approach agreed for PDSCH mapping with given resource sets and propose to re-use this at least for RMSI scheduling with few adjustments as follows:
·  For RMSI reception UE assumes that resources which PDSCH (carrying RMSI) may or may not be mapped according to the possible SS block time locations (and RE’s) as indicated by specification. I.e. reserved ResourceSet is implicitly defined as SS block locations.
· In the PDCCH that schedules the RMSI, UE is indicated whether PDSCH can be mapped to the RE’s that overlap with the possible SS block locations
· Note naturally gNB scheduler needs to allocate sufficient resources for RMSI accounting the resources reserved by SS block
Based on the discussion we make following observations and a proposal:
Observation: Agreement “For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources” limits gNB’s scheduling flexibility for RMSI transmissions. 
Observation: Using similar approach as for PDSCH and forward compatible resource reservation, the RMSI rate matching could be made to account the actually used SS block locations by gNB via indication on PDCCH.
Proposal: For a scheduled PDSCH carrying RMSI that overlaps SS block positions in the cell, similarly as for forward compatible resources, L1 signaling indicates whether the scheduled PDSCH is rate-matched around the SS block positions or not. For initial access purposes, UE would treat the SS block locations as forward compatible resources in terms of PDSCH rate matching.

References
[1] [bookmark: _Ref490198774]R1-1716523, “Remaining details related to SS blocks”, Nokia, Nokia Shanghai Bell
[2] [bookmark: _Ref489614431]R1-1711650, “NR-PBCH content”, Nokia, Nokia Shanghai Bell
[3] [bookmark: _Ref490239261]R1-1701519, ‘Response LS on minimum system information’
[4] [bookmark: _Ref492893715]R1-1716138, ‘Remaining details on PRACH procedure’, Nokia, Nokia Shanghai Bell
[5] [bookmark: _Ref492894369]R1-1716527, ‘Paging in NR’, Nokia, Nokia Shanghai Bell
[6] [bookmark: _Ref492646193]R1-1708232, ‘On SS Burst and Burst Set composition’, Nokia, Alcatel-Lucent Shanghai Bell
[7] [bookmark: _Ref492894822]R1-1711650, “NR-PBCH content”, Nokia, Nokia Shanghai Bell
[8] [bookmark: _Ref494470850]R1-1714057, “On PDCCH mapping”, Nokia, Nokia Shanghai Bell
[9] [bookmark: _Ref494719259]R1-1718609, “On rate-matching in NR Nokia”, Nokia Shanghai Bell



image1.png
NR-PDCCH
NR-PDSCH

CORESET

a) Slot based CORESET config 1

CORESET CORESET

b) Non-slot based CORESET config 2

CORESET CORESET CORESET

c) Non-slot based CORESET config 3




image2.emf

