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Introduction
At RAN1#91bis the following was decided regarding the delivery of the remaining system information (RMSI)
	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]).
· … 

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:
· (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
·  RMSI timing configuration should consider at least the following properties: 
· RMSI PDCCH monitoring window periodicity y
· RMSI PDCCH monitoring window duration x
· FFS: RMSI PDCCH monitoring window offset
· FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB



In this contribution, we discuss further the delivery of the remaining minimum system information. 
This contribution is a revision of R1-1714037.
Discussion
The NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH. In this section, we discuss some of the configurability required for the delivery of the RMSI in 5G-NR.
[bookmark: _Ref477973545]Periodicity and TTI
The periodicity of the NR-PDSCH carrying the remaining minimum system information does not have to be the same as the TTI of the content of the channel (i.e. the NR-SIB1). It is beneficial that UEs in good channel conditions can decode the NR- PDSCH from only one repetition of the physical channel. However, in order to keep the overhead from the NR-PDSCH carrying the remaining minimum system information low, coverage limited UEs should be able to combine multiple repetitions before decoding the NR-PDSCH carrying the remaining minimum system information. This can be handled by transmitting different redundancy versions at each instance of the NR-PDSCH within the associated TTI.
At RAN1#88bis it was agreed that the maximum SS Block periodicity is 160 ms. This SS Block periodicity does not support initial access and hence it is unclear if any RMSI need to be transmitted in a cell with 160 ms SS Block periodicity. However, for providing additional parameters (e.g. the global cell ID required for automatic neighbor relation ANR configuration algorithms) a RMSI transmission is required. The decision on the TTI for the remaining minimum system information (i.e. NR-SIB1) is left for RAN2 to decide. In the RAN2 paper [4] we propose that the TTI of the NR-SIB1 should be 160 ms.
There may be a dependence between the SS Block periodicity and the TTI of the RMSI that needs to be considered also in RAN1. The periodicity of NR-PDSCH carrying RMSI should preferably be equal to, or lower than, the periodicity of the SS Block transmission (e.g. 5, 10, 20, 40, 80, 160 ms). An example is shown in Figure 1. In this example, the UE receives at least one SS Block and at least one redundancy version of NR-PDSCH every 20 ms while the TTI of the remaining minimum system information is 160 ms. 
For cells supporting initial access the SS Block periodicity can be 5, 10 or 20 ms and for NSA cells the SS Block can also be 40, 80, or 160 ms. Since SS Blocks are used for both idle mode (e.g. initial access) and active mode purposes (e.g. AMM measurements) it is not obvious that the RMSI which is primarily relevant for UEs in idle mode must be transmitted with the same periodicity as the SS Blocks. E.g. using an SS Block periodicity of 5 ms could be beneficial in cells with high mobility UEs. But enforcing that the RMSI must also transmitted with the same periodicity could result in unnecessary high overhead for the RMSI transmission.  
[image: ]
[bookmark: _Ref470015998]Figure 1: Example deployment where the UE receives at least one SS Block and at least one redundancy version of the NR-PDSCH carrying the remaining minimum system information every 20 ms with the actual TTI of the transport channel on the NR-PDSCH being 160 ms (RMSI TTI is for RAN2 to decide).
[bookmark: _Toc484422504][bookmark: _Toc484423419][bookmark: _Toc492650216][bookmark: _Toc492952591][bookmark: _Toc494354582][bookmark: _Toc494354626][bookmark: _Toc494701846][bookmark: _Toc494737315][bookmark: _Toc494746813][bookmark: _Toc494759673][bookmark: _Toc498421004][bookmark: _Toc498421085][bookmark: _Toc498627248][bookmark: _Toc498628012][bookmark: _Toc498676541][bookmark: _Toc498676887][bookmark: _Toc498676938][bookmark: _Toc498677006][bookmark: _Toc498677152][bookmark: _Toc498677375][bookmark: _Toc498677740][bookmark: _Toc498677843][bookmark: _Toc498678217][bookmark: _Toc498678296][bookmark: _Toc498678337][bookmark: _Toc498678370][bookmark: _Toc498678507][bookmark: _Toc498678599][bookmark: _Toc498678943][bookmark: _Toc498679031][bookmark: _Toc498679094][bookmark: _Toc498679138][bookmark: _Toc498679289][bookmark: _Toc498679345][bookmark: _Toc498679404][bookmark: _Toc498679646][bookmark: _Toc498679684][bookmark: _Toc498701820][bookmark: _Toc498684622][bookmark: _Toc498732295]NR-PDSCH carrying the remaining minimum system information is periodically transmitted with different redundancy versions within the TTI of the RMSI (NR-SIB1).
[bookmark: _Toc494354584][bookmark: _Toc494354628][bookmark: _Toc494701848][bookmark: _Toc494737317][bookmark: _Toc494746815][bookmark: _Toc494759675][bookmark: _Toc498421005][bookmark: _Toc498421086][bookmark: _Toc498627249][bookmark: _Toc498628013][bookmark: _Toc498676542][bookmark: _Toc498676888][bookmark: _Toc498676939][bookmark: _Toc498677007][bookmark: _Toc498677153][bookmark: _Toc498677376][bookmark: _Toc498677741][bookmark: _Toc498677844][bookmark: _Toc498678218][bookmark: _Toc498678297][bookmark: _Toc498678338][bookmark: _Toc498678371][bookmark: _Toc498678508][bookmark: _Toc498678600][bookmark: _Toc498678944][bookmark: _Toc498679032][bookmark: _Toc498679095][bookmark: _Toc498679139][bookmark: _Toc498679290][bookmark: _Toc498679346][bookmark: _Toc498679405][bookmark: _Toc498679647][bookmark: _Toc498679685][bookmark: _Toc498701821][bookmark: _Toc498684623][bookmark: _Toc498732296]The periodicity of the NR-PDCCH/NR-PDSCH carrying RMSI is equal to the maximum of 20 ms and the SS Block periodicity.
RMSI delivery mechanisms
RMSI beam-sweeping: joint versus separate sweeps
It should be possible to beam-sweep the RMSI transmission at the same time as the SS Blocks are swept (e.g. frequency multiplexed with SS Blocks). When analog beamforming is used, the bandwidth not occupied by the SS Blocks will otherwise be wasted. When the analog beamformer in the transmitter is pointing in a certain direction it is anyway not possible to send data to a UE in any other beam.
In that case, and when there is sufficient system bandwidth to frequency multiplex the SS Block with the RMSI, it should be possible to transmit the RMSI in the same narrow beams as the SS Block. Both the SS Block and the RMSI should then be possible to transmit in one single beam sweep.
When there is not enough bandwidth for frequency multiplexing the SS Block and the RMSI in one sweep it should be possible to send the RMSI in a separate sweep, possibly using fewer beams and wider beams.
To frequency multiplex RMSI transmissions with SS Block transmissions it should be possible to be able to transmit the NR-PDCCH/NR-PDSCH providing RMSI in the same symbols as those used by SS Blocks. This requires that the NR-PDCCH/NR-PDSCH providing RMSI can be transmitted in mini-slots. Mini-slots are also beneficial when RMSI transmissions are time-multiplexed with SS Block transmissions (e.g. in separate sweep) since that can enable a faster RMSI delivery.
[bookmark: _Toc498684624][bookmark: _Toc498732297]RMSI transmissions can be both frequency-multiplexed as well as time-multiplexed with SS Block transmissions.
[bookmark: _Toc498684625][bookmark: _Toc498732298]RMSI transmissions can occur in mini-slots as well as in normal slots.
RMSI transmission in wide-band carriers with multiple frequency separated SS Blocks
RAN1 has agreed supporting single or multiple SS Blocks within a wideband carrier in the frequency domain. If multiple SS blocks in the frequency domain is to be supported it will also have an impact on the RMSI transmission.
To avoid unnecessary overhead, it is important that introducing multiple frequency-multiplexed SS Block transmissions does not require that we also transmit RMSI on each of these frequencies. (below we propose that the RMSI CORESET configuration provided in NR-PBCH shall contain a NULL-configuration that may be used for SS Block transmissions that have no associated RMSI on the same frequency).
[bookmark: _Toc498684626][bookmark: _Toc498732299]A wide-band carrier with multiple frequency-separated SS Blocks can be configured with only one RMSI transmission. 
[bookmark: _Ref481705326]RMSI Configuration
In [5], an 8 bit RMSI configuration field is proposed to consider both RMSI CORESET and RMSI PDCCH monitoring window definitions. The sourcing company proposes using a compressed table, i.e. table 1 below, with entries indicated by these 8 bits carried in PBCH payload. 
To limit the number of entries of the table, the below assumptions are proposed:
· The RMSI bandwidth is fixed to 18 PRBs to make sure the CORESET is not limiting the placement of the SS/PBCH block
· The RMSI CORESET should always start within a restricted time duration of 20ms starting from the 1st subframe of the SS burst set in which the corresponding SS/PBCH block is transmitted. 
· When the RMSI CORESET and SS/PBCH block are time multiplexed,
· they will have same Frequency position (in the same center band as SS/PBCH block except with some subcarrier spacings offset due to PRB level alignment) 
· If mini-slot is configured, 
· RMSI can only be sent on the same 4 OFDM symbol positions with RMSI numerology with the same mapping method for the SS/PBCH block in each slot (if 60kHz SCS is used for RMSI, the RMSI mapping is the same as the SS/PBCH block with 120kHz SCS)
· RMSI will not be transmitted on the OFDM symbols on which SS/PBCH is actually transmitted. 
· When RMSI CORESET and SS/PBCH block are frequency multiplexed, 
· the RMSI CORESET and the scheduled PDSCH carrying RMSI are in a time duration of 2, 4 or 7 OS with RMSI numerology starting from the beginning of the associated SS/PBCH block.
· the frequency position of the RMSI CORESET is limited to be positioned to a small set of fixed positions (above or below) in relation to the frequency position of the associated SS/PBCH block.
· The RMSI CORESET is defined in a table containing a “NULL” value, indicating that no RMSI is transmitted in association with this SS/PBCH block (and hence no RMSI CORESET is defined).

Note: In case of normal slot, RMSI-CORESET-time-dur can only be 3 when “1st PDSCH DMRS position” in PBCH payload indicates 1st DMRS symbol is the 4th symbol.
Table 1 RMSI Configuration
	RMSI-Config
	RMSI-CORESET-freq-pos-to-SSB (same/above/below)
	RMSI-mini-slot-ind
(0/1)
	RMSI-CORESET-time-dur 
(1,2,3 OS)
	RMSI-PDCCH-mon-win-dur
 (1,2 ms)
	RMSI-PDCCH-mon-win-offset (0, … ,19 ms)

	0
	Same
	0
	1
	1
	0

	1
	Same
	0
	1
	1
	1

	2
	Same
	0
	1
	1
	2

	3
	Same
	0
	1
	1
	3

	4
	Same
	0
	1
	1
	4

	5
	Same
	0
	1
	1
	5

	6
	Same
	0
	1
	1
	6

	7
	Same
	0
	1
	1
	7

	8
	Same
	0
	1
	1
	8

	9
	Same
	0
	1
	1
	9

	10
	Same
	0
	1
	1
	10

	11
	Same
	0
	1
	1
	11

	12
	Same
	0
	1
	1
	12

	13
	Same
	0
	1
	1
	13

	14
	Same
	0
	1
	1
	14

	15
	Same
	0
	1
	1
	15

	16
	Same
	0
	1
	1
	16

	17
	Same
	0
	1
	1
	17

	18
	Same
	0
	1
	1
	18

	19
	Same
	0
	1
	1
	19

	20
	Same
	0
	1
	2
	0

	...
	…
	…
	…
	…
	…

	119
	Same
	0
	3
	2
	19

	120
	Same
	1
	1
	1
	0

	...
	…
	…
	…
	…
	…

	239
	Same
	1
	3
	2
	19

	240
	Above
	1
	1
	1
	0

	241
	Above
	1
	2
	1
	0

	242
	Above
	1
	3
	1
	0

	243
	Below
	1
	1
	1
	0

	244
	Below
	1
	2
	1
	0

	245
	Below
	1
	3
	1
	0

	246
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	…
	…
	…
	…
	…
	…

	254
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	255
	NULL



[bookmark: _Toc498679347][bookmark: _Toc498679406][bookmark: _Toc498679648][bookmark: _Toc498679686][bookmark: _Toc498701822][bookmark: _Toc498679291][bookmark: _Toc498679348][bookmark: _Toc498679407][bookmark: _Toc498679649][bookmark: _Toc498679687][bookmark: _Toc498701823][bookmark: _Toc498679650][bookmark: _Toc498679688][bookmark: _Toc498701824][bookmark: _Toc498684627][bookmark: _Toc498351977][bookmark: _Toc498352058][bookmark: _Toc498352070][bookmark: _Toc498352105][bookmark: _Toc498352515][bookmark: _Toc498354013][bookmark: _Toc498460599][bookmark: _Toc498460622][bookmark: _Toc498460628][bookmark: _Toc498460667][bookmark: _Toc498533936][bookmark: _Toc498542100][bookmark: _Toc498549359][bookmark: _Toc498605795][bookmark: _Toc498620956][bookmark: _Toc498621185][bookmark: _Toc498622059][bookmark: _Toc498676543][bookmark: _Toc498676889][bookmark: _Toc498676940][bookmark: _Toc498677008][bookmark: _Toc498677154][bookmark: _Toc498677377][bookmark: _Toc498677742][bookmark: _Toc498677845][bookmark: _Toc498678219][bookmark: _Toc498678298][bookmark: _Toc498678339][bookmark: _Toc498678509][bookmark: _Toc498678601][bookmark: _Toc498678945][bookmark: _Toc498679033][bookmark: _Toc498679096][bookmark: _Toc498679140][bookmark: _Toc498678372][bookmark: _Toc498679349][bookmark: _Toc498679408][bookmark: _Toc498679292][bookmark: _Toc498732300]RMSI configuration table, i.e. table 1, is used for RMSI configuration with below assumptions:
· [bookmark: _Toc498679651][bookmark: _Toc498679689][bookmark: _Toc498701825][bookmark: _Toc498684628][bookmark: _Toc498732301]The RMSI bandwidth is fixed to 18 PRBs.
· [bookmark: _Toc498679652][bookmark: _Toc498679690][bookmark: _Toc498701826][bookmark: _Toc498684629][bookmark: _Toc498732302]The RMSI CORESET should always start within a restricted time duration of 20ms starting from the 1st subframe of the SS burst set in which the corresponding SS/PBCH block is transmitted.
· [bookmark: _Toc498679653][bookmark: _Toc498679691][bookmark: _Toc498701827][bookmark: _Toc498684630][bookmark: _Toc498732303]When RMSI CORESET and SS/PBCH block are time multiplexed, they will have same Frequency position (in the same center band as SS/PBCH block except with some subcarrier spacings offset due to PRB level alignment). If mini-slot is configured in this case, RMSI can only be sent on the same 4 OFDM symbol positions with RMSI numerology with the same mapping method for the SS/PBCH block in each slot (if 60kHz SCS is used for RMSI, the RMSI mapping is the same as the SS/PBCH block with 120kHz SCS), and RMSI is not transmitted on the OFDM symbols on which SS/PBCH is actually transmitted.
· [bookmark: _Toc498679654][bookmark: _Toc498679692][bookmark: _Toc498701828][bookmark: _Toc498684631][bookmark: _Toc498732304]When RMSI CORESET and SS/PBCH block are frequency multiplexed, the RMSI CORESET and the scheduled PDSCH carrying RMSI are in a time duration of 2, 4 or 7 OS with RMSI numerology starting from the beginning of the associated SS/PBCH block. And in this case, the frequency position of the RMSI CORESET is limited to be positioned to a small set of fixed positions (above or below) in relation to the frequency position of the associated SS/PBCH block.
· [bookmark: _Toc498679655][bookmark: _Toc498679693][bookmark: _Toc498701829][bookmark: _Toc498684632][bookmark: _Toc498732305]The RMSI CORESET is defined in a table containing a “NULL” value, indicating that no RMSI is transmitted in association with this SS/PBCH block (and hence no RMSI CORESET is defined).
[bookmark: _Toc498679034][bookmark: _Toc498679097][bookmark: _Toc498678946][bookmark: _Toc498679035][bookmark: _Toc498679098][bookmark: _Toc498679141][bookmark: _Toc498677846][bookmark: _Toc498678220][bookmark: _Toc498678299][bookmark: _Toc498678340][bookmark: _Toc498678373][bookmark: _Toc498678947][bookmark: _Toc498679036][bookmark: _Toc498679099][bookmark: _Toc498679142][bookmark: _Toc498679038][bookmark: _Toc498679101][bookmark: _Toc498679144][bookmark: _Toc498679039][bookmark: _Toc498679102][bookmark: _Toc498679145][bookmark: _Toc498679041][bookmark: _Toc498679104][bookmark: _Toc498679147][bookmark: _Toc498677745][bookmark: _Toc498679042][bookmark: _Toc498679105][bookmark: _Toc498679148][bookmark: _Toc498679043][bookmark: _Toc498679106][bookmark: _Toc498679149][bookmark: _Toc498677158][bookmark: _Toc498677381][bookmark: _Toc498677747][bookmark: _Toc498678951][bookmark: _Toc498679045][bookmark: _Toc498679108][bookmark: _Toc498679151][bookmark: _Toc498677748][bookmark: _Toc498678952][bookmark: _Toc498679046][bookmark: _Toc498679109][bookmark: _Toc498679152][bookmark: _Toc498678955][bookmark: _Toc498679049][bookmark: _Toc498679112][bookmark: _Toc498679155][bookmark: _Toc498678957][bookmark: _Toc498679051][bookmark: _Toc498679114][bookmark: _Toc498679157][bookmark: _Toc498679053][bookmark: _Toc498679116][bookmark: _Toc498679159][bookmark: _Toc498679054][bookmark: _Toc498679117][bookmark: _Toc498679160][bookmark: _Toc498678962][bookmark: _Toc498679058][bookmark: _Toc498679121][bookmark: _Toc498679164][bookmark: _Toc498678963][bookmark: _Toc498679059][bookmark: _Toc498679122][bookmark: _Toc498679165][bookmark: _Toc498679060][bookmark: _Toc498679123][bookmark: _Toc498679166][bookmark: _Toc498676549][bookmark: _Toc498676895][bookmark: _Toc498676946][bookmark: _Toc498677014][bookmark: _Toc498677167][bookmark: _Toc498677390][bookmark: _Toc498677757][bookmark: _Toc498677858][bookmark: _Toc498676550][bookmark: _Toc498676896][bookmark: _Toc498676947][bookmark: _Toc498677015][bookmark: _Toc498677168][bookmark: _Toc498677391][bookmark: _Toc498677758][bookmark: _Toc498677859][bookmark: _Toc498676551][bookmark: _Toc498676897][bookmark: _Toc498676948][bookmark: _Toc498677016][bookmark: _Toc498677169][bookmark: _Toc498677392][bookmark: _Toc498677759][bookmark: _Toc498677860][bookmark: _Toc498676552][bookmark: _Toc498676898][bookmark: _Toc498676949][bookmark: _Toc498677017][bookmark: _Toc498677170][bookmark: _Toc498677393][bookmark: _Toc498677760][bookmark: _Toc498677861][bookmark: _Toc498676553][bookmark: _Toc498676899][bookmark: _Toc498676950][bookmark: _Toc498677018][bookmark: _Toc498677171][bookmark: _Toc498677394][bookmark: _Toc498677761][bookmark: _Toc498677862][bookmark: _Toc498676554][bookmark: _Toc498676900][bookmark: _Toc498676951][bookmark: _Toc498677019][bookmark: _Toc498677172][bookmark: _Toc498677395][bookmark: _Toc498677762][bookmark: _Toc498677863]Signalling of downlink and uplink carrier in RMSI
When the UE initially access the cell by first reading the PBCH and then the RSMI, it needs to have the full information of the downlink carrier and the location of UL carrier. In the previous meeting the following was agreed:
	Agreements:
· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 
· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI
· For Scell, the reference location is the frequency location indicated in the SCell configuration
· For SUL, the reference location is the frequency location indicated in the SUL configuration 
· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.
· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.
· The range of offset values should be >276*4, with the detailed values FFS
· PDSCH delivering RMSI are confined within the initial active DL BWP.




In the flowing we make additional proposals to support the indication of the reference location and.
Resource allocations for the RSMI
Before having read the RMSI, the UE has no knowledge of the actual band edges of the carrier and will not know the location of PRB 0. Hence, for the resource allocations for the RMSI the offset to the reference location of the lowest PRB of the SS/PBCH block be fixed and given by the specification. For example, it could be tied to the edge of the CORESET allocation.
[bookmark: _Toc498627253][bookmark: _Toc498628017][bookmark: _Toc498676558][bookmark: _Toc498676904][bookmark: _Toc498676955][bookmark: _Toc498677023][bookmark: _Toc498677176][bookmark: _Toc498677399][bookmark: _Toc498677766][bookmark: _Toc498677867][bookmark: _Toc498678235][bookmark: _Toc498678314][bookmark: _Toc498678355][bookmark: _Toc498678388][bookmark: _Toc498678524][bookmark: _Toc498678616][bookmark: _Toc498678968][bookmark: _Toc498679065][bookmark: _Toc498679128][bookmark: _Toc498679171][bookmark: _Toc498679301][bookmark: _Toc498679358][bookmark: _Toc498679417][bookmark: _Toc498679659][bookmark: _Toc498679697][bookmark: _Toc498701833][bookmark: _Toc498684633][bookmark: _Toc498732306]For RMSI resource allocations, the offset to the reference location is fixed in the specification.
Downlink carrier signalling
Once the UE has found a cell, it does not yet know which band it is in since the frequency bands supported by 3GPP are overlapping. Hence the UE needs to be informed of the frequency band in the RMSI. 
[bookmark: _Toc498627254][bookmark: _Toc498628018][bookmark: _Toc498676559][bookmark: _Toc498676905][bookmark: _Toc498676956][bookmark: _Toc498677024][bookmark: _Toc498677177][bookmark: _Toc498677400][bookmark: _Toc498677767][bookmark: _Toc498677868][bookmark: _Toc498678236][bookmark: _Toc498678315][bookmark: _Toc498678356][bookmark: _Toc498678389][bookmark: _Toc498678525][bookmark: _Toc498678617][bookmark: _Toc498678969][bookmark: _Toc498679066][bookmark: _Toc498679129][bookmark: _Toc498679172][bookmark: _Toc498679302][bookmark: _Toc498679359][bookmark: _Toc498679418][bookmark: _Toc498679660][bookmark: _Toc498679698][bookmark: _Toc498701834][bookmark: _Toc498684634][bookmark: _Toc498732307]The default frequency band is signaled in the RMSI.
The UE also needs to know the bandwidth of the carrier for the following reasons:
· It needs to know where to put its filter for receiving the DL channel
· It needs to know the number of bits used in the resource allocation
Hence, it is proposed: 
[bookmark: _Toc498627255][bookmark: _Toc498628019][bookmark: _Toc498676560][bookmark: _Toc498676906][bookmark: _Toc498676957][bookmark: _Toc498677025][bookmark: _Toc498677178][bookmark: _Toc498677401][bookmark: _Toc498677768][bookmark: _Toc498677869][bookmark: _Toc498678237][bookmark: _Toc498678316][bookmark: _Toc498678357][bookmark: _Toc498678390][bookmark: _Toc498678526][bookmark: _Toc498678618][bookmark: _Toc498678970][bookmark: _Toc498679067][bookmark: _Toc498679130][bookmark: _Toc498679173][bookmark: _Toc498679303][bookmark: _Toc498679360][bookmark: _Toc498679419][bookmark: _Toc498679661][bookmark: _Toc498679699][bookmark: _Toc498701835][bookmark: _Toc498684635][bookmark: _Toc498732308]The number of PRB in the default DL carrier bandwidth is signaled in the RMSI.
In order to be forward compatible, it is important that new bandwidths can be introduced in later releases without affecting the operation of legacy UE on the carrier. Hence, the indicated bandwidth is not necessarily the actual bandwidth of the carrier, but the common carrier bandwidth all UEs are capable of receiving.
In the agreement above, it is stated that the UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location. Since this information is needed by all UEs it is proposed that:
[bookmark: _Toc498732309]The offset between PRB 0 for common PRB indexing and a the reference location in downlink is signaled in the RMSI
Together with the signaling of the offset from the SS/PBCH block lower edge, the UE now has full knowledge of the DL carrier in the frequency domain
Uplink carrier signalling
For the uplink, if the spectrum is unpaired no additional signaling is needed. For paired spectrum, the UE also needs to know the uplink carrier frequency and  the uplink bandwidth if that is different from the downlink carrier bandwidth. The uplink bandwidth is needed for the same reasons as the DL bandwidth, i.e. UE filtering setting and number of bits for resource allocation. 
For the UL carrier spacing, it is assumed that many deployments will use the default duplex spacing. In this case no additional signaling is needed as the UE can calculate the UL frequency from the band definition directly. Similarly to LTE, an optional UL carrier frequency can be provided if default duplex spacing is not used. Not here, that for the UL there is no need to go via a reference location and an offset to find PRB as stated in the agreement above. Hence it is proposed:
[bookmark: _Toc498627256][bookmark: _Toc498628020][bookmark: _Toc498676561][bookmark: _Toc498676907][bookmark: _Toc498676958][bookmark: _Toc498677026][bookmark: _Toc498677179][bookmark: _Toc498677402][bookmark: _Toc498677769][bookmark: _Toc498677870][bookmark: _Toc498678238][bookmark: _Toc498678317][bookmark: _Toc498678358][bookmark: _Toc498678391][bookmark: _Toc498678527][bookmark: _Toc498678619][bookmark: _Toc498678971][bookmark: _Toc498679068][bookmark: _Toc498679131][bookmark: _Toc498679174][bookmark: _Toc498679304][bookmark: _Toc498679361][bookmark: _Toc498679420][bookmark: _Toc498679662][bookmark: _Toc498679700][bookmark: _Toc498701836][bookmark: _Toc498684636][bookmark: _Toc498732310]For unpaired spectrum, no additional signaling of the UL carrier is needed.
[bookmark: _Toc498627257][bookmark: _Toc498628021][bookmark: _Toc498676562][bookmark: _Toc498676908][bookmark: _Toc498676959][bookmark: _Toc498677027][bookmark: _Toc498677180][bookmark: _Toc498677403][bookmark: _Toc498677770][bookmark: _Toc498677871][bookmark: _Toc498678239][bookmark: _Toc498678318][bookmark: _Toc498678359][bookmark: _Toc498678392][bookmark: _Toc498678528][bookmark: _Toc498678620][bookmark: _Toc498678972][bookmark: _Toc498679069][bookmark: _Toc498679132][bookmark: _Toc498679175][bookmark: _Toc498679305][bookmark: _Toc498679362][bookmark: _Toc498679421][bookmark: _Toc498679663][bookmark: _Toc498679701][bookmark: _Toc498701837][bookmark: _Toc498684637][bookmark: _Toc498732311]For paired spectrum, the following is signaled in RMSI
a. [bookmark: _Toc498627258][bookmark: _Toc498628022][bookmark: _Toc498676563][bookmark: _Toc498676909][bookmark: _Toc498676960][bookmark: _Toc498677028][bookmark: _Toc498677181][bookmark: _Toc498677404][bookmark: _Toc498677771][bookmark: _Toc498677872][bookmark: _Toc498678240][bookmark: _Toc498678319][bookmark: _Toc498678360][bookmark: _Toc498678393][bookmark: _Toc498678529][bookmark: _Toc498678621][bookmark: _Toc498678973][bookmark: _Toc498679070][bookmark: _Toc498679133][bookmark: _Toc498679176][bookmark: _Toc498679306][bookmark: _Toc498679363][bookmark: _Toc498679422][bookmark: _Toc498679664][bookmark: _Toc498679702][bookmark: _Toc498701838][bookmark: _Toc498684638][bookmark: _Toc498732312]An indication whether default duplex spacing is used
b. [bookmark: _Toc498627259][bookmark: _Toc498628023][bookmark: _Toc498676564][bookmark: _Toc498676910][bookmark: _Toc498676961][bookmark: _Toc498677029][bookmark: _Toc498677182][bookmark: _Toc498677405][bookmark: _Toc498677772][bookmark: _Toc498677873][bookmark: _Toc498678241][bookmark: _Toc498678320][bookmark: _Toc498678361][bookmark: _Toc498678394][bookmark: _Toc498678530][bookmark: _Toc498678622][bookmark: _Toc498678974][bookmark: _Toc498679071][bookmark: _Toc498679134][bookmark: _Toc498679177][bookmark: _Toc498679307][bookmark: _Toc498679364][bookmark: _Toc498679423][bookmark: _Toc498679665][bookmark: _Toc498679703][bookmark: _Toc498701839][bookmark: _Toc498684639][bookmark: _Toc498732313]If the indication above indicated that default duplex spacing is not used, the frequency location of PRB 0 in the is signaled directly
c. [bookmark: _Toc498627260][bookmark: _Toc498628024][bookmark: _Toc498676565][bookmark: _Toc498676911][bookmark: _Toc498676962][bookmark: _Toc498677030][bookmark: _Toc498677183][bookmark: _Toc498677406][bookmark: _Toc498677773][bookmark: _Toc498677874][bookmark: _Toc498678242][bookmark: _Toc498678321][bookmark: _Toc498678362][bookmark: _Toc498678395][bookmark: _Toc498678531][bookmark: _Toc498678623][bookmark: _Toc498678975][bookmark: _Toc498679072][bookmark: _Toc498679135][bookmark: _Toc498679178][bookmark: _Toc498679308][bookmark: _Toc498679365][bookmark: _Toc498679424][bookmark: _Toc498679666][bookmark: _Toc498679704][bookmark: _Toc498701840][bookmark: _Toc498684640][bookmark: _Toc498732314]Uplink bandwidth is signaled if different from downlink bandwidth

Signalling of UL initial active bandwidth part 
It was previously agreed that the bandwidth of the initial active UL bandwidth part can be configured in RMSI. Note that for the cases where the UE maximum UL bandwidth is equal or larger to the UL channel bandwidth, there is no need to signal the initial active UL bandwidth part. Hence, the signalling should be optional 
[bookmark: _Toc498628025][bookmark: _Toc498676566][bookmark: _Toc498676912][bookmark: _Toc498676963][bookmark: _Toc498677031][bookmark: _Toc498677184][bookmark: _Toc498677407][bookmark: _Toc498677774][bookmark: _Toc498677875][bookmark: _Toc498678243][bookmark: _Toc498678322][bookmark: _Toc498678363][bookmark: _Toc498678396][bookmark: _Toc498678532][bookmark: _Toc498678624][bookmark: _Toc498678976][bookmark: _Toc498679073][bookmark: _Toc498679136][bookmark: _Toc498679179][bookmark: _Toc498679309][bookmark: _Toc498679366][bookmark: _Toc498679425][bookmark: _Toc498679667][bookmark: _Toc498679705][bookmark: _Toc498701841][bookmark: _Toc498684641][bookmark: _Toc498732315]The signaling of the initial active UL bandwidth part is optional in RMSI.
Signalling of absolute frequencies
For the signalling of the uplink frequency as mentioned above, and for the measurement objects, there is a need to define how the absolute frequency is signalled, similar to EARFCN in LTE. It is assumed that RAN4 has better knowledge of the needs and can define this signalling together with RAN2.
[bookmark: _Toc498676567][bookmark: _Toc498676913][bookmark: _Toc498676964][bookmark: _Toc498677032][bookmark: _Toc498677185][bookmark: _Toc498677408][bookmark: _Toc498677775][bookmark: _Toc498677876][bookmark: _Toc498678244][bookmark: _Toc498678323][bookmark: _Toc498678364][bookmark: _Toc498678397][bookmark: _Toc498678533][bookmark: _Toc498678625][bookmark: _Toc498678977][bookmark: _Toc498679074][bookmark: _Toc498679137][bookmark: _Toc498679180][bookmark: _Toc498679310][bookmark: _Toc498679367][bookmark: _Toc498679426][bookmark: _Toc498679668][bookmark: _Toc498679706][bookmark: _Toc498701842][bookmark: _Toc498684642][bookmark: _Toc498732316]The design of signaling for absolute frequency is left to RAN4 together with RAN2.
Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk492593645]Based on the discussion in section 2 we propose the following:
Proposal 1	NR-PDSCH carrying the remaining minimum system information is periodically transmitted with different redundancy versions within the TTI of the RMSI (NR-SIB1).
Proposal 2	The periodicity of the NR-PDCCH/NR-PDSCH carrying RMSI is equal to the maximum of 20 ms and the SS Block periodicity.
Proposal 3	RMSI transmissions can be both frequency-multiplexed as well as time-multiplexed with SS Block transmissions.
Proposal 4	RMSI transmissions can occur in mini-slots as well as in normal slots.
Proposal 5	A wide-band carrier with multiple frequency-separated SS Blocks can be configured with only one RMSI transmission.
Proposal 6	RMSI configuration table, i.e. table 1, is used for RMSI configuration with below assumptions:
		The RMSI bandwidth is fixed to 18 PRBs.
		The RMSI CORESET should always start within a restricted time duration of 20ms starting from the 1st subframe of the SS burst set in which the corresponding SS/PBCH block is transmitted.
		When RMSI CORESET and SS/PBCH block are time multiplexed, they will have same Frequency position (in the same center band as SS/PBCH block except with some subcarrier spacings offset due to PRB level alignment). If mini-slot is configured in this case, RMSI can only be sent on the same 4 OFDM symbol positions with RMSI numerology with the same mapping method for the SS/PBCH block in each slot (if 60kHz SCS is used for RMSI, the RMSI mapping is the same as the SS/PBCH block with 120kHz SCS), and RMSI is not transmitted on the OFDM symbols on which SS/PBCH is actually transmitted.
		When RMSI CORESET and SS/PBCH block are frequency multiplexed, the RMSI CORESET and the scheduled PDSCH carrying RMSI are in a time duration of 2, 4 or 7 OS with RMSI numerology starting from the beginning of the associated SS/PBCH block. And in this case, the frequency position of the RMSI CORESET is limited to be positioned to a small set of fixed positions (above or below) in relation to the frequency position of the associated SS/PBCH block.
		The RMSI CORESET is defined in a table containing a “NULL” value, indicating that no RMSI is transmitted in association with this SS/PBCH block (and hence no RMSI CORESET is defined).
Proposal 7	For RMSI resource allocations, the offset to the reference location is fixed in the specification.
Proposal 8	The default frequency band is signaled in the RMSI.
Proposal 9	The number of PRB in the default DL carrier bandwidth is signaled in the RMSI.
Proposal 10	The offset between PRB 0 for common PRB indexing and a the reference location in downlink is signaled in the RMSI
Proposal 11	For unpaired spectrum, no additional signaling of the UL carrier is needed.
Proposal 12	For paired spectrum, the following is signaled in RMSI
	a.	An indication whether default duplex spacing is used
	b.	If the indication above indicated that default duplex spacing is not used, the frequency location of PRB 0 in the is signaled directly
	c.	Uplink bandwidth is signaled if different from downlink bandwidth
Proposal 13	The signaling of the initial active UL bandwidth part is optional in RMSI.
Proposal 14	The design of signaling for absolute frequency is left to RAN4 together with RAN2.
[bookmark: _GoBack]
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