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1. Introduction
In NR RAN1 #89 meeting, the following agreement has been reached
	Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging




In addition, RAN1 #88b agreed that NR-PBCH provides the common search space configuration for the NR-PDCCH:
	Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· [bookmark: _Hlk481658325]NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification



RAN1-88b also agreed to down-select the option to convey the numerology of the RMSI:
	Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2



This contribution provides our views on transmitting the remaining minimum system information (RMSI). 
2. Remaining system information considerations
The NR system information consists of minimum system information block (MSIB) and other system information block (OSIB). MSIB is broadcast with predefined periodicity while OSIB can be either transmitted on-demand or broadcast with a sparser periodicity. 
A part of MSIB is transmitted in NR-PBCH discussed in [1] while the rest of MSIB (a.k.a RMSI) is conveyed in NR-PDSCH scheduled by NR-PDCCH. 
From our views, the numerology of the RMSI is the numerology of PDCCH/PDSCH that delivers RMSI. Below we analyze the pros and cons of each option in the agreements.
· Option 1 introduces some signaling overhead in PBCH. However, the network could enable the deployments where the same numerology is used for both control/data channels and RMSI delivery in the slots where they coexist.  It is important to note that, from the UE perspective, both the RMSI and the data are delivered via PDCCH and PDSCH. It is highly possible that NR deployment will use different numerology for PBCH from the one used for data due to the fact the PBCH numerology is limited by the minimum system bandwidth for each frequency band. Hence, if RMSI follows the same numerology as PBCH, this means UE needs to process mixed numerology of PDCCH and PDSCH which unnecessarily complicates the UE design. In addition, the SS block locations in a SS burst set and timing delivery have not be finalized yet, it could still be useful to indicate the SCS such that it may help provide slot timing information if design requires it.  
· Option 2 could reduce PBCH payload by a few, ~2, bits. However, this option may lead to the mixed numerology in slots containing both PDCCH/PDSCH for control/data channels and for RMSI delivery.
[bookmark: _GoBack]It is important to note that RMSI is intended for all the UEs in the cell including the UEs during initial access, hence, the numerology used for delivering RMSI should be numerology that is supported by all the UEs. As results, for each frequency band, when PBCH signals the numerology for RMSI, the numerology should be picked from the set of defaults numerologies that all UEs need to support, i.e. mandatory for all UEs.
Proposal 1: NR-PBCH signals the numerology of the NR-PDCCH/NR-PDSCH delivering the RMSI. 
Proposal 2: Numerology of the NR-PDCCH/NR-PDSCH delivering the RMSI shall be chosen from the set of default numerologies, where, for each frequency band, the set of default numerologies are the numerologies that are mandatory for all UEs to support.
Similarly paging will also be delivered with PDCCH and PDSCH. It is highly desirable for paging and RMSI to use the same numerology for data and control channel. Otherwise, as we discussed before, different numerology of paging and RMSI will unnecessarily complicates both the NW deployment and the UE processing.
Proposal 3: The same subcarrier spacing is used for both RMSI and paging delivery
3. Remaining minimum system information transmission in a multi-beam scenario
3.1. Same Set of Transmit Beams for SS blocks and RMSI
In a multi-beam scenario, RMSI needs to be beam swept as well to meet link gain. gNB should use the same set of beams to transmit SS blocks and RMSI grants. This will allow UEs to use the same RX beam that it used to receive SS blocks. Otherwise, UE will have to sweep through multiple RX beams to receive the RMSI grant and this will incur additionally latency.
Proposal 4: gNB should use the same set of beams to transmit SS blocks and RMSI.
3.2. RMSI Grant Search Window
In LTE, RMSI is transmitted at a fixed time location and with a fixed periodicity. NR has agreed to support at most 64 SS blocks in over-6 GHz band. Since RMSI will be beam swept, it may have to be transmitted towards 64 directions as well. Hence, in a multi-beam scenario, there can be two options to define RMSI locations.

Option 1: There is a fixed mapping between SS block index and its corresponding RMSI grant location.
Option 2: gNB/spec defines a measurement window for the UE to perform RMSI grant search. The window may last for only a few slots/mini-slots to reduce UE power consumption.
Figure 1 and 2 show these options.
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Figure 1: RMSI location based on Option 1
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Figure 2: RMSI location based on Option 2
Option 1 is better from UE’s power consumption perspective since it will have to decode PDCCH in only one location. Option 2, on the other hand, provides better scheduling flexibility at gNB. 
NR should further consider the pros and cons of option 1 and option 2 in a multi-beam scenario. Note that, even if option 2 is selected, the RMSI grant search window corresponding to a particular SS block should be small, i.e., it should last only a few slots/mini-slots to reduce UE power consumption.
Observation 1: A fixed mapping between SS block index and its corresponding RMSI grant location reduces UE power consumption.
Observation 2: A mapping between SS block index and its corresponding window for RMSI grant provides better scheduling flexibility to gNB. The duration of the window should be minimized to reduce UE power consumption. 
Proposal 5:  NR can consider both UE power consumption and gNB scheduling flexibility trade-off to define the location of RMSI grant in a multi-beam scenario.
3. Conclusion
In this contribution, we provide our view on the delivery of remaining minimum system information, our proposals are summarized as below.
Observation 1: A fixed mapping between SS block index and its corresponding RMSI grant location reduces UE power consumption.
Observation 2: A mapping between SS block index and its corresponding window for RMSI grant provides better scheduling flexibility to gNB. The duration of the window should be minimized to reduce UE power consumption. 
Proposal 1: NR-PBCH signals the numerology of the NR-PDCCH/NR-PDSCH delivering the RMSI. In addition, the numerology of NR-PDSCH is the same as the numerology of NR-PDCCH. 
Proposal 2: Numerology of the NR-PDCCH/NR-PDSCH delivering the RMSI shall be chosen from the set of default numerologies, where, for each frequency band, the set of default numerologies are the numerologies that are mandatory for all UEs to support.
Proposal 3: The same subcarrier spacing is used for both RMSI and paging delivery
Proposal 4: gNB should use the same set of beams to transmit SS blocks and RMSI.
Proposal 5:  NR can consider both UE power consumption and gNB scheduling flexibility tradeoff to define the location of RMSI grant in a multi-beam scenario.
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