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1. Introduction
The contribution provides our view on RMSI PDCCH/PDSCH rate matching, RMSI transmission in multi-beam system and RMSI CORESET design.
2. RMSI PDCCH/PDSCH rate matching
When receiving RMSI, UE does not have knowledge on the actually transmitted SS blocks. Hence, some rate matching rules for PDCCH/PDSCH should be defined for RMSI transmission so that UE can receive RMSI. 
Proposal 1: For RMSI PDCCH/PDSCH rate matching, one of the following options is selected:
· Option 1: UE assumes PDCCH/PDSCH is rate matched around all potential SS blocks
· Option 2: NW ensures allocating resources not used by actual SS block transmission only, i.e., UE assumes the indicated resource for PDCCH/PDSCH is available
3. RMSI transmission in multi-beam systems
3.1. 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 grants using the same set of beams. Otherwise, UE has to sweep through multiple RX beams for receiving the RMSI grant; leading to some additional RMSI acquisition latency.
Proposal 2: gNB transmits SS block and RMSI using the same antenna port in multi-beam systems.
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 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 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.
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 4: 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 1: 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 2: 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 3: 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 5: Common search space is allocated relatively from the center of the synchronization signals.
5. Conclusion
The contribution provides our view on RMSI PDCCH/PDSCH rate matching, RMSI transmission in multi-beam system and RMSI CORESET design. The following proposals have been made:
Proposal 1: For RMSI PDCCH/PDSCH rate matching, one of the following options is selected:
· Option 1: UE assumes PDCCH/PDSCH is rate matched around all potential SS blocks
· Option 2: NW ensures allocating resources not used by actual SS block transmission only, i.e., UE assumes the indicated resource for PDCCH/PDSCH is available
Proposal 2: gNB transmits SS blocks and RMSI using the same set of beams in multi-beam systems.
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: RMSI common search space is defined by the following metrics:
· [bookmark: _GoBack]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 5: Common search space is allocated relatively from the center of the synchronization signals.
6. Appendix


(a)  15kHz SSB & 15kHz CCE



(b) 15kHz SSB & 30kHz CCE



(c) 15kHz SSB & 60kHz CCE

[bookmark: _Ref492733117]Figure 2: CCE offset example for 15kHz SSB



[bookmark: _Ref492731649]Figure 3: RB shift options
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This illustrates the case of CCE offset = 0.
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This illustrates the case of CCE offset = 0.
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