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Introduction
RAN1 made the following agreements in previous meetings and email discussions.
	RAN1#90bis
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:
· 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.
Email 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
  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
  Note: QCL per CORESET vs. search space is up to control session’s decision.
Email discussion [90b-NR-23]
Proposal 1:
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
  Slot-level offset value for PDCCH monitoring occasion is also supported.
²  For N-slot monitoring occasion, the offset is one from [0, N-1].
  Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.
Proposal 2:
· For the DMRS of NR-PDCCH in a CORESET,
  The QCL configuration/indication is on a per CORESET basis (Alt.1).
Proposal 4:
  By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
  The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
²  FFS the indication of the support of aggregation level 16 in the cell
  FFS: Set of search spaces for OSI, random access, and paging.


In this contribution, we provide our views regarding CORESET configuration.
Discussion
PBCH contents
If the PBCH contents are the same across SS blocks, UEs are able to perform soft-combining of the PBCH. Moreover, when a UE switches to another SS block which carries the same MIB, the UE would not need to decode the PBCH in the new SS block. This contributes towards reducing the UE processing requirements during intra-cell handover.
Proposal 1: RAN1 should confirm the following 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

QCL assumption for RMSI CORESET
On our contribution [2] in previous meeting, we treated 2 options regarding QCL assumption within a RMSI CORESET. (1) UE assumes single QCL assumption within a RMSI CORESET, (2) UE assumes multiple QCL assumption within a RMSI CORESET. Similar discussion was happened in control channel session and Proposal 2 in the control channel session email discussion [90b-NR-23] was agreed, which says “For the DMRS of NR-PDCCH in a CORESET, the QCL configuration/indication is on a per CORESET basis”. This means that UE assumes DMRS of all NR-PDCCHs transmitted in the same CORESET apply the same QCL. In order to strive to avoid different behaviours between a UE performing initial access and a non-initial access UE, for the RMSI CORESET, proposal 2 should be observed in terms of QCL assumption.
Proposal 2: One RMSI CORESET should correspond to one SS/PBCH block.

CORESET configuration
In LTE, 4 and 8 aggregation level (AL) are supported in CSS where PDCCH with SI-RNTI is transmitted. Considering that operator will replace LTE macro eNB with NR macro gNB, NR must support the same coverage as LTE. From agreements of that 1 REG is defined as 1 RB during 1 OFDM symbol, 1 CCE consists of 6 REG, and PDCCH with 8 AL uses 8 CCEs, 48 REGs are required in a CORESET if PDCCH with 8 AL is supported. Assuming that minimum UE bandwidth is 24 PRBs, CORESET consisting of 24 PRBs with 2 OFDM symbols should be able to be configured.
On the other hand, all NR cell don’t need to configure a lot of resource for RMSI CORESET. One example is small cell deployment. Since small cell does not require large coverage, small amount of RMSI CORESET resource is enough. Other example is FDM operation of eMBB with mMTC in future NR release. If full bandwidth of channel is occupied by transmitting RMSI PDCCH, future mMTC is always enforced to puncture that resource. To facilitate forward compatibility for NR mMTC, narrow bandwidth configuration (e.g. 12 PRBs) also should be supported
Proposal 3: For CORESET bandwidth configuration, both of wider bandwidth (e.g. 24 PRBs) and narrower bandwidth (e.g. 12 PRBs) should be supported.

RMSI PDCCH monitoring window
For the RMSI timing configuration, the RMSI PDCCH monitoring window periodicity, y, and RMSI PDCCH monitoring window duration, x, should be considered. 
Firstly, we discuss on RMSI PDCCH monitoring window periodicity, y. It was already agreed that the SS burst set can be configured by the network in order to facilitate network deployment flexibility. Also, by the same motivation of network flexibility, the RMSI transmission periodicity should be flexible. 
In addition, the RMSI transmission periodicity should be separately configured from the SS burst set periodicity. In some cases, in order to reduce the overhead caused by RMSI transmission, the RMSI periodicity should be able to be longer than the SS burst set periodicity, as in LTE. In other cases, when sufficient RBs for RMSI transmission cannot be allocated, use of a shorter RMSI periodicity allows the PDCCH/PDSCH for RMSI transmission to be efficiently repeated so that UE can perform soft-combining of PDCCH/PDSCH for RMSI reception. As a result, the coverage could be kept without additional RMSI acquisition latency. To allow configurability of the RMSI periodicity, it is proposed that the RMSI periodicity is configured as a CORESET configuration indicated by MIB. And, RMSI timing offset also should be configured as a CORESET configuration indicated by MIB to facilitate network deployment flexibility.
Secondly, we discuss the RMSI PDCCH monitoring window duration, x. We consider 2 options: (a) a single CORESET occasion within the RMSI PDCCH monitoring window per SSB, (b) multiple CORESET occasions within the RMSI PDCCH monitoring window per SSB, which is shown in Fig 1. Allowing for more than one CORESET occasion contributes to network flexibility. However, even for (a), network flexibility can be provided by modification of the periodicity and timing offset configuration of the CORESET, as signalled in MIB. Over and above this, we don’t see the benefit of having extra network flexibility. In addition, there are some drawbacks for (b). Since UE needs to monitor and blindly decode more than one PDCCH on multiple CORESET occasions, it causes higher UE power consumption. Moreover, a larger RMSI PDCCH monitoring window increases the latency of RMSI acquisition. Hence, from the UE perspective, we don’t think that more than one RMSI PDCCH monitoring occasion within a monitoring window is necessary.
Proposal 4: For RMSI timing configuration: 
· RMSI PDCCH monitoring window periodicity, y, and timing offset should be configured by MIB
· RMSI PDCCH monitoring window duration, x, should be only 1 slot.
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Fig 1. RMSI CORESET configuration per SSB

Conclusion
In this contribution, we proposed the following:
Proposal 1: RAN1 should confirm the following 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
Proposal 2: One RMSI CORESET should correspond to one SS/PBCH block.
Proposal 3: For CORESET bandwidth configuration, both of wider bandwidth (e.g. 24 PRBs) and narrower bandwidth (e.g. 12 PRBs) should be supported.
Proposal 4: For RMSI timing configuration:
· RMSI PDCCH monitoring window periodicity, y, and timing offset should be configured by MIB
· RMSI PDCCH monitoring window duration, x, should be only 1 slot.
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