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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 how to deliver the remaining minimum system information and other SI.
This is a revision of R1-1714028.
2.	Payload size and the content of RMSI
2.1	Content
RAN1 has discussed in the past meeting on the necessary content of minimum system information, mainly in the context of PBCH. The information payload of minimum system information included in NR-PBCH is discussed in [2], and in this section we consider the required content and payload size of RMSI (carried by NR-PDSCH).
The content that RAN2 has agreed to be included in minimum system information can be summarized as follows:
· SFN, list of PLMNs, cell identity, cell camping parameters, RACH parameters
· Also barring related information like cellBarred and intraFreqReselection
· Scheduling information for broadcasted SI messages:
· SIB type
· Validity information, i.e., value tag.  
· Periodicity
· SI-window information
· Indication of on-demand SI broadcast:
1. Indication of whether the concerned SIB is periodically broadcasted or provided on-demand
2. Indication of whether an on-demand SI message is broadcasted or not
· FFS: Either having two indications (1 and 2) or having only the indication determining whether an SI message is provided by broadcast or not
· Parameters required for requesting Other SI (if any needed, e.g., RACH preambles and corresponding RACH resources for SI request) if network allows on demand mechanism
· Area ID associated with some SIBs
In addition to the (high level listing) aforementioned parameters there can be additional physical layer parameters that could be need for UE to access and obtain other system information. In LTE, SIB1 and SIB2 carry in addition to other, e.g. access and mobility related, parameters also information related to the physical layer configuration, for example:
· p-Max
· freqBandIndicator, freqInfo
· tdd-Config
Some of these parameters are related to RF requirements, and depend on the work carried out in RAN4, while the necessity and formulation others, like tdd-Config, is determined in RAN1. Details of these (like need of having semi-static DL/UL configuration already for initial access) are still open. The details of RACH configuration will be also provided by RAN1 and discussed in [4]. With a conservative estimate the expected payload could rather easily exceed 200 bits, even 300 bits. 
Observation: The RMSI payload size may get large.
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.

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 (conclusions summarized in Annex). 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. 
Hence considering different approaches to achieve efficient support of multi-beam systems with hybrid or analog beamforming architectures with reduced overhead, it would seem preferable to be able to try to restrict the time needed e.g. to transmit the broadcast signals to different beams. E.g. using sub-slot or DCI sweep type of structures to limit the resource utilization per SS block would be preferred. With implicit mapping of resource allocations to all allowed SS block locations, use of non-contiguous SS block mapping pattern could result short gaps of un-used resources in between that may be difficult to benefit from scheduling perspective. Naturally this can be circumvented by always sending the SS blocks in logically consecutive locations, which in case of large number of beams (N>>L/2). However as discussed in in past meetings [6], there could be a need to distribute the actually transmitted SS blocks in time, to facilitate for example interference coordination or self-backhauling. Also if seeking to avoid long contiguous gaps for DL or UL data it could be preferable to be able to distribute the transmitted SS blocks in several locations over the SS burst set to limit the latency. Thus, when considering the need to preserve some flexibility in SS block placement in the SS burst set period and desire to minimize the resource reservation, there could be some merit to deliver the information regarding the actually transmitted SS blocks in RMSI to be used in determining valid resources for example for RACH.  
Proposal: RMSI carries information about the actually transmitted SS blocks of the cell.
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, while 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. To allow sufficient granularity in terms of used SS blocks it would be preferable to use larger number of groups. With 16 groups the maximum granularity is four SS blocks, which seems sufficient. Hence having 16 bit bitmap for active groups and one 4 bit bitmap for the used locations all groups is preferred.  
Proposal: Use indication method for actually transmitted SS blocks so that 16 bit bitmap indicates the active groups and one 4 bit bitmap for the used locations. 
2.3	Payload size and 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 efficiency (while noting that the periodicity of RMSI can be relaxed compared to NR-PBCH). 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). 
[bookmark: _GoBack]In this section we present some approximation of the performance corresponding to the possible RMSI payload. Note that NR-PBCH like simulations assumptions are used for encoding, for sake of simplicity. In the evaluations we assume 15 kHz SCS at 4 GHz and consider three different PRB allocations 24 and 48 for PDSCH corresponding 5 and 10 bandwidth, respectively. This is according to the proposal given in [2]. Furthermore, we look at two and four symbol time domain allocation and use 220 bits as payload estimate for the RMSI. We use front-loaded DMRS for two symbol allocation and for four symbol allocation we use additional DMRS with 3/12 density per PRB. 
Figure 1 illustrates one-shot and 2 transmission detection performance in case of 24 PRB frequency domain allocation, and 2 and 4 symbols. Figure 2 illustrates one-shot and 2 transmission detection performance in case of 48 PRB frequency domain allocation, and 2 and 4 symbols. From the results we make the following observations:
· with 24 PRB allocation it’s seen that one-shot detection performance with 4 symbol time domain allocation is over 3 dB worse than one-shot detection performance for NR-PBCH (1% BLER @ around -5 dB SNR) [7] and it’s estimated around 8 symbols would be needed to provide comparable one-shot detection performance
· with 48 PRB allocation 4 symbol allocation provides almost comparable one-shot detection performance with NR-PBCH
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[bookmark: _Ref490222820]Figure 2 48 PRB allocation for RMSI.
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.
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 configurable time-frequency domain allocation for PDSCH carrying 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.  
3.	Conclusions
In this contribution we discussed about delivery of remaining minimum system information and remaining system information. As discussed in [1] the RMSI should carry information about SS burst set periodicity and about actually transmitted SS blocks in the cell.
Proposal: RMSI carries SS burst set periodicity information for intra-frequency layer. 
Also to facilitate the resource reservation e.g. for RACH we propose as follows:
Proposal: RMSI carries information about the actually transmitted SS blocks of the cell.
Proposal: Use indication method for actually transmitted SS blocks so that 16 bit bitmap indicates the active groups and one 4 bit bitmap for the used locations. 
In order to enable efficient beam sweeping mechanism it is proposed that:
Proposal: Support configurable time-frequency domain allocation for PDSCH carrying 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.  
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Appendix A – RAN1#90 Conclusions

Agreements:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations


R1-1715182	WF on Actually Transmitted Transmitted SS Blocks	Samsung, AT&T, Deutsch Telecom, Softbank, CMCC, BT, NTT DOCOMO, Intel
Working assumptions:
· 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, and an indication method is down-selected from following alternatives
· Alt.1: Group-Bitmap + Bitmap in Group
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
· E.g., [8]+[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, the number of actually transmitted SS/PBCH block indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index, and the number is commonly applied to all transmitted Groups
· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and the number of actually transmitted Groups indicates how many consecutive Groups are actually transmitted starting from the first Group
· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, and the number of actually transmitted SS/PBCH block for each Group indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index
· Minimum [8]+[3] bits, maximum [8]+[3]*[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks
· [6]+[6]+[6] bits
· Alt.6: Group-Bitmap
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, and all SS/PBCH blocks within a transmitted Group are actually transmitted
· E.g., [8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Other alternatives are not precluded
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks


Appendix B – Simulation assumptions
	Parameter
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single-port precoder cycling (2Tx, time direction)

	Time domain allocation
	2,3,4 OFDM symbols

	Frequency domain allocation
	24,48,96 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	TDL-C-1000n

	UE speed
	120 kmph

	Channel coding
	Polar code

	Payload size
	236 bits (220 data bits + 16 CRC bits)

	DMRS density
	Front-loaded, front-loaded + 3/12 per PRB in symbol 3 in case #symbols is 3 or 4

	Channel estimation
	Concatenated freq and time 1D Wiener filter

	SNR estimation
	Realistic, based on DMRS

	Receiver algorithm
	2 RX MRC

	CFO
	600 Hz

	Soft-combining
	One-shot / Two-shot
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