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1. Introduction
The contribution provides our design on multi-beam RMSI transmission, FDM of SS block and RMSI, RMSI CORESET design. This is a revision of R1-1716380.
2. RMSI transmission
2.1. Transmit Beams for SS blocks and RMSI
RMSI should be beam swept to meet the link gain in a multi-beam scenario. It is more efficient that UE uses the same RX beam that it used to receive SS blocks for receiving RMSI. Hence, gNB should transmit SS blocks and RMSI using the same set of beams. Otherwise, UE has to sweep through multiple RX beams for receiving the RMSI; leading to an additional RMSI acquisition latency.
Proposal 1: UE assumes the SSB transmission and its associated RMSI transmission are quasi-collocated with respect to all parameters.
2.2. FDM between SSB and RMSI
The FDM between SSB and RMSI CORESET/PDSCH is beneficial in reducing beam sweeping overhead for above-6GHz. However, whether the bandwidth of SSB and the bandwidth of RMSI CORESET/PDSCH are confined within the minimum UE bandwidth or not impacts the UE implementation. 
· If the bandwidth of SSB and the bandwidth of RMSI CORESET/PDSCH are confined within the UE minimum bandwidth, UE can track the SSB while receiving RMSI at the same time.
· Otherwise, UE is required to retune the RF back and forth to track SSB while receiving RMSI.
Proposal 2: The bandwidth of SSB and the bandwidth of RMSI CORESET/PDSCH are confined within the minimum UE bandwidth when FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported.
2.3. 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 an SS burst set over-6 GHz band. However, gNB has the flexibility to transmit a less number of SS blocks within the SS burst set. Since RMSI is beam swept, gNB should transmit the same number of RMSI grants and payloads as that of its used number of SS blocks within the SS burst set. Besides, unlike LTE, the cells can transmit SS burst sets at different periodicities, e.g., 5, 10 and 20ms. 
A fixed mapping from SS block to RMSI grant reduces the UE complexity. However, NR can provide gNB the flexibility to update the periodicity, and possibly the time locations of RMSI grants, based on the number of actually transmitted SS blocks in a SS burst set. This allows gNB to transmit RMSI more frequently when it uses less number of SS blocks for reducing latency. On the other hand, this allows gNB to transmit RMSI less frequently when it uses more number of SS blocks to reduce overhead. PBCH may carry the periodicity, and possibly time location, of RMSI grant. Figure 1 shows a mapping option from SS block location to RMSI grant.
[image: ]
Figure 2‑1: Mapping from SS block location to RMSI grant

Proposal 3: PBCH carries the periodicity and the slot location of RMSI grant corresponding to the number of actually transmitted SS blocks in a SS burst set for above-6GHz.
3. RMSI Monitoring Configuration
There are at least a few possibilities for mapping SS block index to RMSI monitoring configuration. The design of RMSI monitoring should take into account a few aspects.
· Flexibility to cover diverse scenarios
· Lower additional MIB overhead
· Aid combining of PBCH across SS bursts
gNB may choose to transmit RMSI PDSCH TDM with SS burst, or FDM with SS burst. From power saving considerations, gNB may transmit RMSI control with the same bandwidth (BW) as Sync BW, but the RMSI data using a larger BW. The UE can still monitor control using a smaller bandwidth, and can use a larger BW to receive data only when a DL grant was received. Assuming 8 CCEs are required for control channel to reach cell edge -6dB at 1% error, and 12PRB with 9 OFDM symbols with 4 repetitions can carry RMSI payload of 250 bits [1] at cell edge.   Below is a table showing multiplexing SS/RMSI derived based on the above assumptions. 
Table 1: RMSI Multiplexing for different minimum BWs
	Min BW
	# of Ctrl Symbols for RMSI
	# of RMSI Data Symbols
	TDM of Sync and RMSI + slot based Control
	FDM of Sync & RMSI + slot based Control
	TDM of Sync and RMSI+ non-slot based control
	FDM of SSB & RMSI + non-slot based control

	24 RB
	2
	
	1 RMSI per slot (Max Control Span is 3). RMSI requires   slots
	FDM Not Possible – Need TDM. RMSI Requires   slots
	2 RMSI per slot – Fig 2c. Requires 7 RMSI requires  slots.
	Not Possible – Need TDM. 2 RMSI per slot – Fig 2c. Requires 7 RMSI requires  slots.

	48 RB
	1
	
	3 RMSI in one slot.
RMSI requires  slots
	Muxed with SS - Fig 2a. No additional slots except SS block needed for RMSI
	3 RMSI (4Sym non-slot) per slot - RMSI requires  slots.
	Muxed with SS - Fig 2a. No additional slots except SS block needed for RMSI

	96 RB
	1
	
	3 RMSI in one slot (Max control span is 3). RMSI requires  slots
	Muxed with SS – Fig 2a. No additional slots except SS block needed for RMSI
	7 RMSI (2Sym non-slot) per slot - RMSI requires  slots.
	Muxed with SS – Fig 2a. No additional slots except SS block needed for RMSI



In the above table, in the case of TDM of Sync and RMSI with 24RB BW, and slot based control, only 1 RMSI per slot is possible. This is because the maximum control span is only 3, and PDCCH at 24RB will require 2 OFDM symbols to carry 8CCE. However, for non-slot based control 2 RMSI can be carried in one slot. For the case of 96RB BW, again for TDM only 3 RMSI can be carried in one slot due to control span limitations. The FDM of RMSI with SS block for the case of 48RB is described in Fig 3-1(a) below. Fig 3-1 (b) is the case where RMSI requires more than 250 bits. In such a scenario, sufficient time should be allowed top retune RF to receiver a wideband data in sync region, as shown in Fig 3-1(b). Fig 3-1(c) is an example of the case for TDM of SS with RMSI with non-slot control for the 48RB case. Fig 3-1 (d) is an example of a case, where sufficient time is provided for UE to retune to a wideband data, while control has a smaller bandwidth. 


Figure 3‑1 Different ways of multiplexing RMSI with SS block for 120khz numerology and for different BW availabilities
   Even though non-slot based control shows benefits in terms of latency, this happens at the expense of additional UE complexity to support non-slot based control mode of operation, and hence non-slot based control may not be preferable. As seen in the examples above, different scenarios may have required different ways of mapping SS block to RMSI. The type of mapping i.e. FDM or TDM etc, can be signalled using a few bits in the PBCH. These bits need not change across SS blocks. In addition, UE from the SS block index and the type of mapping, idetify the time instance at which it can monitor the corresponding RMSI CORESET. Based on the above considerations, we have the following proposal.
[bookmark: _GoBack]Proposal 4: The configuration for multiplexing SS block and RMSI CORESET is signalled in RMSI configuration of PBCH payload.
4. RMSI grant search space with control resource set signalling
The following proposal provides necessary design metrics for RMSI CORESET to be explicitly signalled in PBCH.
Proposal 5: RMSI common search space is defined by the following metrics:
· Numerology of CCE/search space, which also provides the slot structure (e.g., slot length)
· Bandwidth of search space
· Symbol indices in a slot
· Center frequency of search space
· Periodicity of RMSI

Below we provide a design for RMSI CORESET and the number of bits for signalling RMSI CORESET in PBCH.
Numerology/slot structure for CCE
· 15, 30 and 60 kHz for below-6GHz
· 60 and120 kHz for above-6GHz
Bandwidth of search space
Consider the bandwidth corresponding to the following number of CCEs based on a given numerology. Wider bandwidth can also be considered but it may not be necessary given 16 CCE provides large enough bandwidth for frequency diversity. Wideband RS over the configured bandwidth can also be assumed to provide better performance.
· 4 CCE = 24 RB
· 8 CCE = 48 RB
· 16 CCE = 96 RB
Symbol indices in a slot
The downlink control region has up to 3 symbols. Hence, 3 following configurations are considered.
· Symbol 0
· Symbol 0 and 1
· Symbol 0, 1 and 2

Center frequency of search space
If CCE is defined from the edge of the channel bandwidth or the center of the channel bandwidth, it might need a huge number of bits to provide the CORESET configuration in PBCH. For example, for below-6GHz, when the channel bandwidth is 100 MHz, there can be too many possible locations of the SS block. Therefore, it is proposed to define the CSS from the center of the SS block. More specifically, we consider two alignment options which are CCE level alignment to the SSB and the RB level alignment to the SSB.
Option A (CCE level alignment from the center of SSB)
CCE offset (offset between the center of SSB and the center of CORESET is defined based on CCE numerology) is introduced such that SSB is confined within 48 RBs (corresponding to 8 CCE, based on CCE numerology), i.e., disjoint location of SSB and CSS is not considered to reduce the overhead in signaling and simplify UE processing. Table 1 and Table 2 provides the CCE offsets for below-6GHz and above-6GHz, respectively. An example of the CCE offset can be found in Figure 2 of Appendix.
[bookmark: _Ref492733014]Table 2: CCE offset for below-6GHz
	SSB SCS (kHz)
	15kHz CCE
	30kHz CCE
	60kHz CCE

	15
	-2, -1, 0, 1, 2
	-3, -2, -1, 0, 1, 2, 3
	-3.5, -2.5, -1.5, -0.5, 0.5, 1.5, 2.5, 3.5

	30
	0
	-2, -1, 0, 1, 2
	-3, -2, -1, 0, 1, 2, 3


[bookmark: _Ref492733018]Table 3: CCE offset for above-6GHz
	SSB SCS (kHz)
	60kHz CCE
	120kHz CCE

	120
	0
	-2, -1, 0, 1, 2

	240
	0
	0



For AL16 or a larger BW with AL8 (distributed allocation), the proposal is still to use the same CCE offset as shown above. In other words, SSB cannot be present on the edge of the configured CORESET in that case.
Option B (RB level alignment from the center of SSB)
CCE is defined from the center of the carrier. Furthermore, finer CCE alignment to the edge of the carrier is allowed. With -5 RB shift to 5 RB shift, there are 11 options as illustrated in Figure 3 of Appendix. In terms of CCE offset, there are the same number of options as Option A.

Mapping
· Distributed (default)
· Localized (for simplicity, proposed not to have localized except the case when distributed mapping is not possible due to limited BW)
Aggregation level
NR supports AL4 and AL8. The number of blind decoding candidates may not be fixed and be different depending on the combination of BW and the number of configured symbols for CSS (hard coded by the specification as shown in Table 3.)
[bookmark: _Ref492731813]Table 4: Supported aggregation level w.r.t. the configured symbols and bandwidth of CSS
	Symbols
	Bandwidth

	
	4 CCE
	8 CCE
	16 CCE

	0
	1 AL4
	2 AL4 and 1 AL8
	4 AL4 and 2 AL8

	0 and 1
	2 AL4 and 1 AL8
	4 AL4 and 2 AL8
	4 AL4 and 2 AL8

	0, 1 and 2
	3 AL4 and 2 AL8
	4 AL4 and 2 AL8
	4 AL4 and 2 AL8



Periodicity of RMSI:
Since cells that support initial access can transmit SS burst set with three different periodicities (5, 10 and 20 ms), gNodeB can spend 2 bits to convey the periodicity of RMSI for above-6GHz.
Total number of search space configurations
· CCE numerology & center frequency
· Option A: up to 20 combinations for a given SSB SCS for below-6GHz and up to 6 combinations for above-6GHz
· SSB 15 kHz: 5+7+8 = 20
· SSB 30 kHz: 1+5+7 = 13
· SSB 120 kHz: 1+5 = 6
· SSB 240 kHz: 1+1 = 2
· Option B: up to 220 (= 20*11) combinations for a given SSB SCS
· BW: 3 options
· Symbol: 3 options
· Periodicity of RMSI: only one option for below-6GHz and 4 options for above-6GHz. Since the number of combinations of CCE numerology and center frequency for below-6GHz is much smaller than that for above-6GHz, we can reuse some below-6GHz combinations for signaling 4 periodicity options.

Option A has up to 180 (=20*3*3) combinations (8 bits). On the other hand, Option B has up to 1980 (=220*3*3) combinations (11 bits).
Proposal 6: Common search space is allocated relatively from the center of the synchronization signals.
5. Conclusion
The contribution provides our design on multi-beam RMSI transmission, FDM of SS block and RMSI, RMSI CORESET design. The following proposals have been made:
Proposal 1: UE assumes the SSB transmission and its associated RMSI transmission are quasi-collocated with respect to all parameters.
Proposal 2: The bandwidth of SSB and the bandwidth of RMSI CORESET/PDSCH are confined within the minimum UE bandwidth when FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported.
Proposal 3: PBCH carries the periodicity and the slot location of RMSI grant corresponding to the number of actually transmitted SS blocks in a SS burst set for above-6GHz.
Proposal 4: The configuration for multiplexing SS block and RMSI CORESET is signalled in RMSI configuration of PBCH payload.
Proposal 5: RMSI common search space is defined by the following metrics:
· Numerology of CCE/search space, which also provides the slot structure (e.g., slot length)
· Bandwidth of search space
· Symbol indices in a slot
· Center frequency of search space
· Periodicity of RMSI

Proposal 6: Common search space is allocated relatively from the center of the synchronization signals.
6. References
[1] R1-1716412 – Evaluation of DL DMRS, RAN1 NR#3, Nagoya, Japan, Sep. 2017
7. Appendix


(a)  15kHz SSB & 15kHz CCE



(b) 15kHz SSB & 30kHz CCE



(c) 15kHz SSB & 60kHz CCE

[bookmark: _Ref492733117]Figure 0‑1: CCE offset example for 15kHz SSB



[bookmark: _Ref492731649]Figure 0‑2: RB shift options
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This illustrates the case of CCE offset = 0.
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