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At the RAN1 #90b meeting, remaining details of RMSI such as multiplexing scheme with SSB, QCL aspects, RMSI monitoring configuration, and RMSI TTI were discussed. In addition, the definition of initial active DL BWP was discussed. As the results, RAN1 made following agreements [1].
	Agreements:
· UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth.
· Bandwidth for RMSI and CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH (e.g.,[24 PRBs]).
· Note: The UE minimum bandwidth will be finally determined by RAN4.
· LS to RAN4 – Ren Da (CATT) (R1-1718915), which is endorsed with final LS in R1-1719039, with the following update:
· By updating the action to “RAN1 respectfully asks RAN4 whether RAN4 sees any issues with the above agreements, and if so, to provide guidance accordingly”. 
Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delivering RMSI are confined within the initial active DL BWP
Agreements:
· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block
· FFS: On the details on the associations between SS blocks and monitoring windows (if introduced) for RMSI CORESETs/broadcast OSI.
Agreements:
· NR supports FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), when
· there is no latency requirement for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI (CORESET/NR-PDSCH) exceeds the UE capability, and
· the number of RMSI CORESETs to monitor within a slot is 1, and 
· the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH)
· FFS: whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1
Agreements:
· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.
· Each window has duration of x consecutive slot(s).
· FFS: x is e.g., 1/2/4
· FFS: whether x is frequency band dependent
· FFS: whether x is configured in PBCH.
· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.
· FFS: y is e.g., 10/20/40/80/160 ms
· FFS: whether y is frequency band dependent
· FFS: whether y is configured in PBCH
· FFS: whether y is dependent on RMSI TTI
· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.
· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks
· FFS: Monitoring window time offset 
· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms. 



In addition, following agreements are made in e-mail discussion [90b-NR-04].
	Agreements: 
  (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency
  The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 
  X is TBD, and can be chosen to be up to [8] bits.
  Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH
  Configuration of RMSI CORESET(s) should consider at least the following properties: 
  bandwidth (PRBs) 
  frequency position (frequency offset relative to SS/PBCH block) 
  A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 
  FFS: signaling details including what is captured in specifications and what is signaled in the MIB



In this contribution, we discuss further on remaining details of RMSI such as CORESET configuration in NR-PBCH, PDCCH monitoring window configuration, the number of transmission blocks, and RMSI TTI. In addition, we also discuss on the definition of initial active DL BWP for clarification. 

Discussion on remaining details on RMSI delivery
RMSI transmission block
In the e-mail discussion [90b-NR-04], the number of transmission blocks (TB) for RMSI delivery was raised as an issue for the discussion. In LTE, remaining minimum system information is divided into two parts of LTE-SIB. Basically, NR RMSI should include the information corresponding to LTE SIB1 and SIB2. In addition, NR RMSI needs to indicate additional information such as actually transmitted SS block index and so on. So we can expect that NR RMSI would need to carry larger number of bits compared with number of bits in LTE SIB1 and SIB2. On the other hand, considering that the UE minimum bandwidth and carrier bandwidth would be wider than LTE carrier bandwidth in many deployment scenarios, it is possible to assume utilizing larger amount of frequency resources for NR RMSI transmission compared with that for SIB1/2 transmission in LTE. But in case of above-6 GHz operation with analogue BF, number of OFDM symbols to be used for RMSI transmission should be small so that RMSI PDCCH/PDSCH and SSB can be transmitted together in single beam sweeping.
Considering above discussion, appropriate number of RMSI transmission blocks in NR would highly depend on RMSI payload size. However, as ANR support was agreed in RAN2 (i.e., UE needs to read CGI in some case) and different contents in RMSI may need different periodicity/TTI, we propose to follow LTE approach.
Proposal 1: NR RMSI is transmitted in two TBs (i.e., NR-SIB1 and NR-SIB2).
· NR-SIB1 contains at least CGI and information regarding NR-SIB2 PDCCH monitoring window configuration.


RMSI PDCCH monitoring window configuration and RMSI TTI
As mentioned in previous subsection, we can consider two TBs for RMSI transmission. For NR-SIB1 TTI, NR-SIB2 TTI and corresponding PDCCH monitoring behaviour, we can consider similar way as in LTE. 
In LTE, SIB1 is transmitted in 20 ms periodicity and its TTI is 80 ms so SIB1 transmission is repeated four times to allow soft-combining detection. Also in NR, since NR-PBCH does not contain SS burst set periodicity information, UE just assumes 20 ms as PDCCH monitoring window periodicity for NR-SIB1 and soft-combining reception is possible if multiple PDCCHs scheduling NR-SIB1 are detected within 80 ms TTI.
For NR-SIB2, NR-SIB1 can provide some information to UE such as TTI length, PDCCH monitoring window periodicity, duration and offset. However, since NR-SIB2 is also part of RMSI and NR-SIB1 payload size should be limited, at least some of information above should be fixed in the specification. We propose that NR-SIB2 TTI is 160 ms, PDCCH monitoring window duration is 1 slot and candidate values of PDCCH monitoring window periodicity are limited to values supported for SS burst set periodicity.
Proposal 2: RMSI monitoring window configuration and RMSI TTI are followings.
· For NR-SIB1
· TTI length is 80 ms
· PDCCH monitoring window periodicity is 20 ms
· PDCCH monitoring window duration is 1 slot according to RMSI numerology
· For NR-SIB2
· TTI length is 160 ms
· PDCCH monitoring window periodicity is configured by NR-SIB1 and candidate values are {[5, 10], 20, 40, 80, 160} ms
· PDCCH monitoring window duration is 1 slot according to RMSI numerology


Initial active DL BWP
At the last meeting, RAN1 agreed that the initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET. In that sense, SSB multiplexed with RMSI CORESET in frequency domain is not included in initial active DL BWP as shown in Figure 1 (a). However, according to RAN4 agreements [2], such case is considered as intra-frequency measurement with measurement gap in SSB based measurement since SSB is located outside BWP. We think it is a bit strange since there is no need to use measurement gap if bandwidth X containing both SSB and RMSI CORESET is confined within UE minimum bandwidth. In that sense, we think that the definition of initial active DL BWP should include SSB in addition to RMSI CORESET (Alt. 2). In this case, RAN1 needs to update the definition of initial active DL BWP. Although possible RMSI CORESET bandwidth may be limited in case of FDM between SSB and RMSI CORESET, it would be preferable to contain SSB within initial active DL BWP to avoid RF retuning during initial access. 
Proposal 3: Initial active DL BWP should include the frequency location and bandwidth of SSB in addition to those of RMSI CORESET.
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Figure 1: Confinement of initial active DL bandwidth


Association between SSB and RMSI
Possible association mechanisms between SSB(s) and RMSI CORESET(s) were discussed in email discussion as shown in Figure 2. We think that one-to-one mapping between SSB and RMSI CORESET as shown in Figure 2 (a) is preferable. If we consider the case where multiple SSBs are transmitted within a single wideband carrier, many-to-one mapping can provide benefits to save time/frequency resources for RMSI CORESET. But even based on one-to-one mapping method, only single RMSI CORESET is possible in a carrier transmitting multiple SSBs. In such case, only one SSB has associated RMSI CORESET and other SSBs are just not available for initial access. Regarding the case where a single SSB is associated with multiple RMSI CORESETs within a single carrier, we have not identified any usage scenario for the method. Therefore, we propose that association between SSB and RMSI CORESET should be one-to-one. 
Proposal 4: Association between SSB and RMSI CORESET is one-to-one mapping.
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Figure 2: Association between SSB(s) and RMSI CORESET(s)


RMSI CORESET configuration in NR-PBCH
From the working assumption made by e-mail discussion, at least following parameters should be considered as RMSI CORESET in NR-PBCH. 
· Bandwidth (PRBs) 
· Frequency position (frequency offset relative to SS/PBCH block) 
· A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 

Since remaining bits for CORESET configuration is limited in NR-PBCH, we need to compress the CORESET configuration information. As one of possible solutions, we propose to limit the combinations of CORESET parameters such as time and frequency position, CORESET bandwidth, duration, and the precoder granularity as discussed below. 
Proposal 5: Due to the limited PBCH payload, only limited combination of parameters should be supported as RMSI CORESET configuration.

First, we need to consider the multiplexing scheme of SSB and RMSI CORESET. For below 6 GHz frequency range, we can assume digital BF as in LTE, and hence time overhead of beam sweeping would not be an issue. On the other hand, available carrier bandwidth may be limited in some bands. So TDM approach between SSB and RMSI CORESET is straight-forward for below 6GHz bands. For above 6GHz frequency range, because of analogue BF operation and possible wider carrier bandwidth, FDM approach is beneficial to reduce beam sweeping overhead. Therefore, we propose that the multiplexing scheme between SSB and RMSI CORESET is fixed in each frequency range so that number of RMSI CORESET configuration patterns and corresponding bit size can be reduced. 
Proposal 6: Multiplexing between SSB and RMSI CORESET is fixed in each frequency range to reduce indication bits in NR-PBCH.
· For below 6 GHz frequency range, only TDM between SSB and RMSI CORESET is supported.
· For above 6 GHz frequency range, only FDM between SSB and RMSI CORESET is supported.

As mentioned above, for below 6 GHz frequency range, we assume that digital BF is applied even when multiple SSBs are transmitted. In the case, multiple beamformed PDCCH associated with different SSBs can be multiplexed within a same CORESET, i.e., CORESETs can be fully overlapped. In the sense, RMSI CORESETs can be located irrespective of time location of corresponding SSBs and we think that there is no need to support multiple patterns of CORESET time location to save indication bits in NR-PBCH. In addition, several OFDM symbols at the end of the slot should be reserved for UL control channel. So for below 6 GHz frequency range, we propose that CORESET time location should be fixed and the CORESET(s) should be located from the beginning of the slot containing corresponding SSB(s). On the other hand, for above 6 GHz frequency range, analogue BF should be assumed due to large number of antenna elements to cope with higher propagation loss in millimetre wave. In the case, multiple beamformed PDCCH associated with different SSBs cannot be transmitted at the same time within a same CORESET, i.e., CORESETs need to be TDMed. Since time resource overhead due to analogue beam sweeping would be an issue, we propose that CORESET time location is fixed on the same time position of corresponding SSB for above 6 GHz. From above discussion, we made following proposal.
Proposal 7: CORESET time location pattern is fixed for all the RMSI CORESETs within SS burst set as follows.
· For below 6 GHz, CORESET starting symbol is fixed to the first OFDM symbol in the slot containing corresponding SSB.
· For above 6 GHz, CORESET starting symbol is fixed to the first OFDM symbol of corresponding SSB.

If the SSB frequency location is not the edge of operating carrier, it would be natural that centre frequency of SSB and RMSI CORESET is aligned so that centre frequency used for SSB detection can be kept for RMSI reception. On the other hand, if the SSB frequency location is close to the edge of operating carrier, several patterns of frequency position between RMSI CORESET and SSB need to be considered as shown in Figure 3-1 and 3-2. Although the simplest operation for initial access UE is to align the centre of bandwidth between SSB and RMSI CORESET, other patterns are also necessary since SS frequency raster could be quite wide and CORESET bandwidth will be restricted if SSB is located close to the edge of carrier and only centre aligned pattern is supported. Therefore, we made following proposal.
Proposal 8: NR supports following CORESET frequency location patterns indicated in NR-PBCH for both below 6 GHz and above 6 GHz.
· Center of RMSI CORESET frequency location is aligned with center of corresponding SSB frequency location.
· Lowest frequency edge of RMSI CORESET is aligned with lowest frequency edge of corresponding SSB in case of TDM, or lowest frequency edge of RMSI CORESET is located next to highest frequency edge of corresponding SSB in case of FDM.
· Highest frequency edge of RMSI CORESET is aligned with highest frequency edge of corresponding SSB in case of TDM, or highest frequency edge of RMSI CORESET is located next to lowest frequency edge of corresponding SSB in case of FDM.

[image: ]
Figure 3-1: Frequency position of CORESET for TDM case (2-symbols of CORESET duration)
[image: ]
Figure 3-2: Frequency position of CORESET for FDM case (2-symbols of CORESET duration)

Based on discussion above, Figure 4 shows the examples of proposed resource allocation of RMSI CORESET. Regarding the resource amount for CORESET, i.e., combination between CORESET bandwidth and duration, either bandwidth or duration would be limited in different scenarios. For example, if CORESET SCS is smaller than SSB SCS and TDM between SSB and CORESET is required, CORESET duration would need to be limited e.g., to 1 symbol. In such case, to allocate sufficient amount of resource for the CORESET, CORESET bandwidth would need to be large, e.g., 2 or more times wider than SSB bandwidth with considering UE minimum BW. On the other hand, if the channel bandwidth is not so wide but the same of wider SCS for CORESET than that for SSB is used, CORESET bandwidth would be limited while CORESET duration can be 2 or 3 symbols. Here, the candidates value of CORESET duration is {1, 2, 3} OFDM symbols from the RAN1 agreements. In the case of TDM, first SSB time location is partially overlapped with 2 or 3 symbols CORESET in some case as shown in the case of 3-symbol CORESET in Figure 4 (a). In such case, UE can assume that if indicated CORESET time location is partially overlapped with candidate SSB location, SSB is not transmitted in the location. In addition, we consider that the candidate values of CORESET BW are {24, 48, 96} PRBs but the exact values may be changed according to RAN4 discussion and decision on UE minimum BW. In order to save indication bits in NR-PBCH, limited combinations between CORESET duration and CORESET bandwidth should be supported. In particular, for CORESET duration of 2 or 3 symbols, combination with wide CORESET bandwidth such as 96 PRBs is not supported.
Proposal 9: NR supports following configurations of combination between CORESET bandwidth and CORESET duration for RMSI.
· For CORESET duration of 1 symbol, CORESET bandwidth of {24, 48, 96} PRBs is supported.
· For CORESET duration of 2 symbols, CORESET bandwidth of {24, 48} PRBs is supported.
· For CORESET duration of 3 symbols, CORESET bandwidth of {24} PRBs is supported.

[image: ]
(a) TDM case for below 6 GHz frequency range

[image: ]
(b) FDM case for above 6 GHz frequency range
Figure 4: Multiplexing between SSB and RMSI CORESET (1, 2, and 3-symbols of CORESET duration)

At the previous RAN1 meeting, following agreements on DMRS mapping in CORESET were made. From the agreements, we need to consider the configurability of precoder granularity by RMSI CORESET configuration in NR-PBCH. We think that non-wideband DMRS for RMSI CORESET, i.e. scheme i) as described below, is enough to support in most of scenarios. However, scheme ii) may be needed to provide larger coverage especially in lower frequency range. Regarding the REG bundle size and CCE-REG mapping scheme, we think those can be fixed in the specification for RSMI CORESET, i.e., REG bundle size is 6 and interleaved scheme is applied. Therefore, we made following proposal.
	Agreements:
· Confirm the WA with the following clarifications (in red):
· For each CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within CORESET.
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.



Proposal 10: By RMSI configuration in NR-PBCH, precoder granularity for RMSI CORESET is configurable from the following options.
· Opt. 1: DMRS precoder granularity for RMSI CORESET is equal to the fixed REG bundle size of 6.
· Opt. 2: DMRS precoder granularity for RMSI CORESET is equal to the number of contiguous RBs in the frequency domain within the CORESET. 

From the discussion above, we propose the following RMSI configuration tables.
Table 1 (a): CORESET configuration Table for below 6 GHz frequency range
[image: ]

Table 1 (b): CORESET configuration Table for above 6 GHz frequency range
[image: ]


Relationship of PBCH contents between different SSBs
At the last RAN1 meeting, RAN1 made the working assumption that PBCH contents except the SSB index should be the same for all the SSBs within the SS burst set for the same center frequency. When SSB selected for RACH resource selection and/or SSB based measurement is changed, UE may needs to read NR-PBCH payload again if some of PBCH contents are different in different SSBs. On the other hand, if UE can assume that PBCH contents except SSB index is the same for each SSB within the SS burst set, it is beneficial to reduce the UE effort since UE can skip reading PBCH contents of selected SSB within a same cell. In current situation, we think that only one possible change of PBCH payload within SS burst set periodicity is RMSI CORESET configuration, i.e.,  whether NW can provide different configuration of RMSI CORESET for each SSB within SS burst set or not. However, as discussed above, we think that common CORESET configuration for all SSBs within SS burst set is enough. So we made following proposal.
Proposal 11: Confirm the working assumption that PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SS burst set.


Conclusion 
In this contribution, we discussed on remaining details of RMSI such as CORESET configuration in NR-PBCH, PDCCH monitoring window configuration, the number of transmission blocks, and RMSI TTI. In addition, we also discussed on the definition of initial active DL BWP for clarification. Based on the discussion, we made following proposals.
Proposal 1: NR RMSI is transmitted in two TBs (i.e., NR-SIB1 and NR-SIB2).
· NR-SIB1 contains at least CGI and information regarding NR-SIB2 PDCCH monitoring window configuration.
Proposal 2: RMSI monitoring window configuration and RMSI TTI are followings.
· For NR-SIB1
· TTI length is 80 ms
· PDCCH monitoring window periodicity is 20 ms
· PDCCH monitoring window duration is 1 slot according to RMSI numerology
· For NR-SIB2
· TTI length is 160 ms
· PDCCH monitoring window periodicity is configured by NR-SIB1 and candidate values are {[5, 10], 20, 40, 80, 160} ms
· PDCCH monitoring window duration is 1 slot according to RMSI numerology
Proposal 3: Initial active DL BWP should include the frequency location and bandwidth of SSB in addition to those of RMSI CORESET.
Proposal 4: Association between SSB and RMSI CORESET is one-to-one mapping.
Proposal 5: Due to the limited PBCH payload, only limited combination of parameters should be supported as RMSI CORESET configuration.
Proposal 6: Multiplexing between SSB and RMSI CORESET is fixed in each frequency range to reduce indication bits in NR-PBCH.
· For below 6 GHz frequency range, only TDM between SSB and RMSI CORESET is supported.
· For above 6 GHz frequency range, only FDM between SSB and RMSI CORESET is supported.
Proposal 7: CORESET time location pattern is fixed for all the RMSI CORESETs within SS burst set as follows.
· For below 6 GHz, CORESET starting symbol is fixed to the first OFDM symbol in the slot containing corresponding SSB.
· For above 6 GHz, CORESET starting symbol is fixed to the first OFDM symbol of corresponding SSB.
Proposal 8: NR supports following CORESET frequency location patterns indicated in NR-PBCH for both below 6 GHz and above 6 GHz.
· Center of RMSI CORESET frequency location is aligned with center of corresponding SSB frequency location.
· Lowest frequency edge of RMSI CORESET is aligned with lowest frequency edge of corresponding SSB in case of TDM, or lowest frequency edge of RMSI CORESET is located next to highest frequency edge of corresponding SSB in case of FDM.
· Highest frequency edge of RMSI CORESET is aligned with highest frequency edge of corresponding SSB in case of TDM, or highest frequency edge of RMSI CORESET is located next to lowest frequency edge of corresponding SSB in case of FDM.
Proposal 9: NR supports following configurations of combination between CORESET bandwidth and CORESET duration for RMSI.
· For CORESET duration of 1 symbol, CORESET bandwidth of {24, 48, 96} PRBs is supported.
· For CORESET duration of 2 symbols, CORESET bandwidth of {24, 48} PRBs is supported.
· For CORESET duration of 3 symbols, CORESET bandwidth of {24} PRBs is supported.
Proposal 10: By RMSI configuration in NR-PBCH, precoder granularity for RMSI CORESET is configurable from the following options.
· Opt. 1: DMRS precoder granularity for RMSI CORESET is equal to the fixed REG bundle size of 6.
· Opt. 2: DMRS precoder granularity for RMSI CORESET is equal to the number of contiguous RBs in the frequency domain within the CORESET. 
Proposal 11: Confirm the working assumption that PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SS burst set.
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