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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 remaining details on RMSI CORESET configuration.
2	Open issues for RMSI CORESET configuration
In the last meeting most aspects related to the Type0-PDCCH common search space and CORESET were agreed and concluded. In this section we address few open issues and propose a conclusion for them.
2.1 	DMRS assumptions
There are two options for PDCCH DMRS mapping that UE can assume, so called WB-RS and NB-RS defining whether the DMRS are present on all resource-element groups or only on the resource-element groups constituting the PDCCH UE attempts to decode. The choice between these two depends on the parameter ‘CORESET-precoder-granularity’. If the CORESET-precoder-granularity equals to the size of the configured CORESET in the frequency domain, UE may assume that the DMRS are present on all resource-element groups and if CORESET-precoder-granularity equals to CORESET-REG-bundle-size, the UE may assume that the DMRS are only present in those resource-element groups that correspond to the PDCCH UE attempts to decode. In RAN1#91 it was agreed, as below, that the reference point for the DMRS sequence generation would be different for UE-specific CORESET and for RMSI CORESET.
	[bookmark: _Hlk501453527]Agreements:
· Reference point for DMRS generation for PDCCH is,
· PRB 0 of common PRB indexing for UE-specific CORESET
· PRB 0 of the initial active DL BWP for CORESET configured by PBCH/RMSI





Thus, in order to enable network to multiplex users to same CORESET when e.g. RMSI PDCCH is sent, it would not be possible to use DMRS that are present on all resource-element groups (i.e. WB-RS). Hence, it would seem preferable that when receiving the PDCCH configured either by PBCH or RMSI, UE should assume that the DMRS are present only on the resource-element groups constituting the PDCCH.
Proposal: When trying to decode PDCCH configured by PBCH or RMSI, UE shall assume that DMRS are only present within the resource element groups constituting the PDCCH.
In conjunction with this the DMRS approach the value for the CORESET-precoder-granularity would also need to be agreed. The options for PDCCH are to either allow use of frequency domain precoder cycling or time domain precoder cycling. In context of initial access, it has been agreed for PBCH that only time domain precoder cycling is supported, which would correspond to assumption that CORESET-precoder-granularity would be same as the bandwidth of the CORESET. The proposed agreement for the DMRS presence would give preference to align the CORESET-precoder-granularity equals to CORESET-REG-bundle-size, which was agreed to be 6PRBs in RAN1#91. As discussed in Section xx, it is proposed to support interleaved CCE-to-REG mapping, and with interleaved mapping CCEs might not be present in all REGs, nor in adjacent REGs. It is also proposed above that the DMRS present only in REGs which constitute the PDCCH (to allow user multiplexing), it would seem most straight forward (e.g. from UE channel estimation perspective) to agree that CORESET-precoder-granularity equals to CORESET-REG-bundle-size.
Proposal: For CORESET configured by PBCH, UE shall assume that CORESET-precoder-granularity equals to CORESET-REG-bundle-size.
For the CORESET configured in RMSI, it would be possible to provide CORESET-precoder-granularity if so agreed, but this has not been currently included in the RRC parameters. Similarly the CORESET-REG-bundle-size has only been agreed for RMSI PDCCH, but it would similarly implicitly apply also for the possible PDCCH configuration through RMSI. 
Observation: It would seem most straightforward to assume that the CORESET-precoder-granularity and CORESET-REG-bundle-size are same for the RMSI configured CORESETs as assumed for PBCH defined CORESET.
 
2.2 	Interleaved or non-interleaved transmission
In RAN1#91 it was agreed that RMSI PDCCH REG bundle size is fixed to 6 PRBs. One of the remaining issues related to PDCCH structure and transmission configuration is whether interleaved or non-interleaved CCE-to-REG mapping is used for RMSI CORESET. Link level simulations were performed to evaluate PDCCH detection performance when RMSI PDCCH utilizes interleaved or non-interleaved transmission. Simulation assumptions and results are presented in Annex A. As a general observation, interleaved mapping performs always at least as well as non-interleaved. The larger the ratio between CORESET size and PDCCH allocation the better interleaved mapping does compared to non-interleaved option. Consequently, gain is at largest with aggregation level 4 and large CORESET size. There is no remarkable difference between 2-row or 3-row interleaver – 3-row interleaver provides slightly better performance is some of the cases. Higher frequency diversity and thus better performance with interleaved approach lead to the following proposals:
Proposal: Adopt interleaved CCE-to-REG mapping for RMSI CORESET.
Proposal: Use 3-row interleaver for interleaved CCE-to-REG mapping for RMSI CORESET.
2.3	Aggregation level
RAN1#91 made an agreement that aggregation levels of 4 CCEs, 8 CCEs and 16 CCEs are supported for RMSI PDCCH. In addition a WA was made that for PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:
· 4 candidates for AL = 4
· 2 candidates for AL = 8

Supporting AL=16 for RMSI PDCCH seems not to be taken into account in the above referred WA. To remain the number of blind decodings the same a straightforward solution would be to reduce the number of candidates for AL=4 and have {3, 2, 1} candidates for ALs {4, 8, 16} in cases the CORESET size allows AL=16. If CORESET size prevents using AL=16, then the number of candidates would be {4, 2, 0} for ALs {4, 8, 16} as summarize in Table 1. The channel estimation burden and hashing function to be used are discussed in [2].
[bookmark: _Ref503442185]Table 1 RMSI CORESET size and Number of PDCCH candidates for ALs {4, 8, 16}
	CORESET size (#PRBs x #symbols)
	Number of PDCCH candidates for ALs {4, 8, 16}

	24x2
	{4, 2, 0}

	24x3
	{4, 2, 0}

	48x1
	{4, 2, 0}

	48x2
	{3, 2, 1}

	48x3
	{3, 2, 1}

	96x1
	{3, 2, 1}

	96x2
	{3, 2, 1}

	96x3
	{3, 2, 1}



Proposal: Number of PDCCH candidates for ALs {4, 8, 16} are {3, 2, 1} when CORESET size supports AL=16. Otherwise, number of PDCCH candidates for ALs {4, 8, 16} are {4, 2, 0}.
Correspondingly, a text proposal to 38.213, section 10.1 is given below:
	…
A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 14. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of candidates per CCE aggregation level given in Table 10.1-1 or in Table 10.1-2. 
...
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space when RMSI CORESET size {#PRBs, #symbols} equals to {24, 2}, {24, 3} or {48, 1}
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	0



Table 10.1-2: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space when RMSI CORESET size {#PRBs, #symbols} equals to {48, 2}, {48, 3}, {96, 1}, {96, 2} or {96, 3}
	CCE Aggregation Level
	Number of Candidates

	4
	3

	8
	2

	16
	1







3. Indication of valid RMSI location
In email discussion following the RAN1#91, following agreement was reached [1]:
	Agreements:
· [bookmark: _Hlk503455398]For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is  used to signal the next sync raster that UE should search for  cell-defining SSB.




Based on RAN4 agreements in [3] the SS raster entries would be as follows:
	Frequency range
	SS raster entries

	0 – 2650 MHz (FR1)
	N×900 kHz + M×5 kHz, N=1:[2944], M=-1:1

	2400 – 24000 MHz (FR1)
	2400MHz + N×1.44MHz,N= 0:[15173]

	24000 – 100000 MHz (FR2)
	[24250.08] MHz+N×[17.28]MHz, N= 0:[4383]



The number of indexes should in principle be able to cover the full range steps to cover the largest band (~times two) in terms of SS-raster points. Of course, the interpretation of the indexes needs to be in some extend frequency range specific so that the right frequency locations are detected, so the range of indexes used could also be different e.g. for different frequency bands. When considering the NR bands after RAN Plenary #78, it can be seen that for certain bands quite large number off indexes are needed to cover. E.g. for bands like n50/51, n66 and n75 300 indices would be needed. This large number of indices is result of the clustered approach for SS raster below 2.65GHz. For most cases the total maximum number of needed raster points is less than 200. 
As pointing to each individual cluster point below 2650MHz triples the number of indices required, it could be considered to reduce the number of needed indices so that the cluster only is addressed, and then UE would need to consider all three different locations as a possible candidate locations when doing the initial cell selection. This would seem to be acceptable compromise in terms of reference points and UE initial cell selection complexity reduction.
Observation: The number of needed raster points is driven by ≤ 2650MHz SS-raster with 900MHz cluster steps and [-5:0:+5]kHz raster points. If only the cluster would be addressed, the number of could be reduced by only indicating the SS-raster cluster point.
Proposal: When informing the location of SS/PBCH with RMSI for bands that use SS-raster with 900MHz cluster steps and [-5:0:+5]kHz raster points, only the location of the cluster would be indicated and UE would consider all three raster points (of the cluster) as candidates in initial cell selection.
Using the 8-bits in RMSI-PDCCH-Config to indicate the SS raster entries, could be done in various manners, depending on the details, and number of bits used and joint coding applied for the SSB-subcarrier-offset and RMSI presence indicator, but on high level either direct indication or relative indication could be used. In case of direct indication (or with predefined offset) the exact SS raster location would be determined within the given frequency band. I.e. the 8-bits of RMSI-PDCCH-Config would be interpreted as ARFCN for the SS raster. This approach would be most straight forward, assuming that the range is sufficient. The other option, relative indication, where the bits would be interpreted as offset in terms of SS raster steps, could require less bits as it might not be necessary to be able to point full range of SS raster locations. However, one bit would be required to indicate the sign (±), i.e. direction of the relative step. Table 2 summarizes the ranges that can be achieved. When considering the current bands being considered by RAN4, it can be seen that most reframing bands could be covered with direct indication if full 8 bits is used. For new bands considered for Rel-15 below 6GHz, where bandwidths up to 900MHz are considered, the direct indication might not be possible for all bands unless the used range can be extended. Same applies of course for the relative indication (accounting also the need for sign bit), but if is seen that more limited range is sufficient for practical deployments (e.g. due to assumed minimum ‘density’ of SS/PBCH blocks), relative indication could be used. For mmWave bands that RAN4 is currently considering for Rel-15, the total maximum bandwidth is 3.25GHz. It would seem that as all these bands would be using 17.28MHz SS raster, both direct indication, and relative indication (fully if some additional code point is used for sign indication) could be considered for these cases. 
Observation: For currently considered reframing bands, using direct indication of the SS/PBCH block with RMSI would seem possible.

[bookmark: _Ref503458716]Table 2. Ranges for different SS raster step sizes
	SS raster step size
	Range with   128 steps (2^7)
	Range with   256 (2^8)

	900KHz
	115.2MHz
	230.4MHz

	1.44MHz
	184.32MHz
	368MHz

	17.28MHz
	2211.8MHz
	4423.7MHz



Like noted above, ranges provided in Table 2 could of be extended, by using additional bits (for <6GHz bands) and/or by additional codepoints SSB-subcarrier-offset indication. It is good however to keep in mind that additional entries could be needed to indicate the SS raster cluster location for the bands that use the 3-cluster SS raster. In addition like noted further below and raised in [3], there is need also to reserve indication for the case that no SS/PBCH with RMSI is present (by given operator). Hence there can be limited number of bits to which the extension can be done. However, use of direct indication seems preferable as it would save in total number of indications required. I.e. if full range need to be covered for both directions, additional indication would be needed for each range extension or one bit to indicate the sign of the offset. 
Proposal: It would seem preferable to use the direct indication to indicate the frequency location of the SS/PBCH with RMSI. 
Hence the exact mapping of the RMSI-PDCCH-Config to Global Synchronization Channel Number (GSCN) for each frequency band could be determine in RAN4 specification (e.g. 38.101) simply by defining fixed offset (e.g. bit similarly as RF channel numbers are defined).
Observation: Exact mapping of the RMSI-PDCCH-Config to Global Synchronization Channel Number (GSCN) for each frequency band could be determine in RAN4 specification. 
As also raised in [3], there could be cases when the actual location of the SS/PBCH with valid RSMI cannot be informed. I.e. in certain cases, given operator might consider the carrier as NSA carrier and use off-raster SS/PBCH blocks. Hence, like considered in [3] the interpretation of the offset indication could be different in this case. The indication could be used for example to inform the UE the range within which it would not need to expect to find SS/PBCH block with valid RMSI. This would be for example done so that the 8-bits of RMSI-PDCCH-Config is divided in to 4 bit blocks which each indicate the range in relative manner towards lower and higher frequency range. The range indication could be for example tight to the SS raster step size.
Observation: There is a need also to indicate to the UE if there is no SS/PBCH with valid RMSI information (e.g. for a given operator). In this case it would be preferable that UE would not stop the initial cell selection procedure on the given carrier.
Observation: In the case that the location of the next SS/PBCH block with RMSI is not known, the 8 bits of RMSI-PDCCH-Config could be used to indicate to the UE the range where it is known that no SS/PBCH with RMSI is present.
In [4] we consider using this same approach under the concept of many(SS/PBCH blocks)-to-one (RMSI). Hence directing UE to SS/PBCH block that has valid RMSI (as a function of SS raster steps), while requiring UE to detect and read the SS/PBCH again, could have been also used for the wideband carrier with multiple SS/PBCH blocks, albeit somewhat limited manner. I.e. if there is no need to distribute e.g. RACH load to different SS/PBCH blocks but that the informed SS/PBCH block would be valid as ‘cell-defining SS/PBCH block’, this approach considered for initial cell selection could be used also for many-to-one RMSI mapping. Of course, if there would be interest to apply additional UE behavior (e.g. to determine which SS/PBCH should the RACH should be performed) this could be introduced in later stage.
Observation: The mechanism intended for initial cell search complexity reduction could also be used in case of many-to-one RMSI mapping, albeit in restricted manner.
4. Rate matching and DCI format in RMSI PDCCH
In RAN1 NR AH#3 it was agreed regarding the RMSI rate matching in respect to SS block resources:
	[bookmark: _Hlk494540701]Agreements:
· For rate matching purpose
· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 
· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources
· …




Decision “For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources” means that the gNB cannot schedule PDSCH carrying RMSI via DCI in a way that would e.g. partially overlap with the SS block transmission. That limits gNB’s scheduling flexibility for the RMSI transmissions. Consequence is that the gNB may need to transmit SS block(s) and PDSCH(s) for RMSI in different slots limiting gNB energy saving possibilities for instance. Option to support FDM multiplexing of RMSI with SS/PBCH was discussed in RAN1#91, but due to restricted number of configurations, it was not possible to include this. In this section we discuss possible merits of re-using the ‘reserved resources’ approach to enable more flexible RMSI scheduling to minimize the gNB minimum active time. 
4.1 	Re-use of reserved resources mechanism
In cases when there is limited number of SS/PBCH blocks needed (e.g. one, like typically could be considered for lower frequency bands) and the power consumption of the network would be preferred to be minimized, it would be beneficial to enable as tight packing of the broadcast information as possible. Like can be seen in Figure 1 [5], due to the latencies (deactivation time periods) in entering different power saving(/sleep) modes [6], when short activity periodicities are considered, the minimum required activity can have large impact to the achievable energy saving gains. E.g. like can be seen in Figure 1, the achievable energy saving gain can be nearly doubled when reducing the minimum activity time from 2ms to 1ms with 10ms periodicity, and approximately 25% gain can be seen for 20ms periodicity. It is also good to note that energy saving would be most identifiable in large macro cells that are typically deployed in lower frequency bands and which correspondingly, due to mobility requirements, are likely to use shorter SS burst set periodicities. 

[image: ]
[bookmark: _Ref503441090]Figure 1. Sleep Mode gains with different default periodicities (and minimum activity) [5]

Observation: In case of short SS burst set periodicities, the minimum activity time has big impact to the achievable energy savings
For example, assuming the following configuration:
· Pattern 1 for SS/PBCH and RMSI CORESET multiplex
· M = 1
· time offset O = 0
· Below 3 GHz
· SS/PBCH block #0 is actually transmitted, 

the UE’s monitoring pattern for RMSI CORESET would as follows:
[image: ]
Figure 2 Monitoring pattern of RMSI CORESET based on example configuration.
Following the current agreements for sub 6GHz, the gNB is not able allocate PDSCH carrying RMSI outside of the RBs used by SS/PBCH blocks in slot #0. On the other hand, in slot #1 the gNB could allocate PDSCH using the same frequency resources as RMSI CORESET thus being able to use all frequency resources of the initial active DL BWP. This would however result extension of the active time of the network, which would have negative implication to the achievable power saving as discussed above. If the CORESET bandwidth and correspondingly the bandwidth of the initial DL BWP would be sufficient (e.g. 48 PRBs) it could be possible to utilize the PRBs outside and the symbols after the SS/PBCH block together for delivering the RMSI. Hence, if the gNB was able to indicate in DCI that whether or not there are SS/PBCH blocks transmitted within the allocated resources of PDSCH the gNB would be able to use more efficiently resources in the slot where SS/PBCH blocks are transmitted.
Observation: Agreement “For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources” limits gNB’s scheduling flexibility for RMSI transmissions. 
In RAN1#90 an agreement was made to support in DCI to indicate UE whether or not UE should apply rate matching on preconfigured resources that overlap with allocated PDSCH:
	Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity




Now the aforementioned mechanism relates to PDCCH and PDSCH with forward compatible resources, and is supported by of L1-indication, e.g. PDCCH, based mechanism to determine which reserved ResourceSet is to be applied. Naturally this does not directly apply to RMSI reception, and introducing indication to PDCCH (scheduling RMSI) would need to be supported, as discussed in Section 4.2. When considering the initial access procedure related rate matching, with a support of indication in PDCCH scheduling the PDCCH, similar approach could be benefitted as follows:
· For RMSI reception UE assumes that resources which PDSCH (carrying RMSI) may or may not be mapped according to the possible SS block time locations (and RE’s) as indicated by specification. I.e. reserved ResourceSet is implicitly defined as SS block locations and it is active or deactive as per PDCCH indication.
· In the PDCCH that schedules the RMSI, UE is indicated whether PDSCH can be mapped to the RE’s that overlap with the possible SS block locations
· Note naturally gNB scheduler needs to allocate sufficient resources for RMSI accounting the resources reserved by SS block

Hence, instead of fixing the assumption of the rate matching (no-overlap), the RMSI delivery could be dynamically handled by the gNB scheduler, enabling scheduling to be done also in locations where SS block is sent, instead of only being able to schedule it only when it is not sent (assumption from RAN1 NR AH#3). Note that depending on the flexibility of the L1 indication (assumed as PDCCH) the mapping could be indicated for each SSB location in a slot. If the indication is only 1 bit, then the reservation would need to be made on slot basis for the slot based scheduling. If non-slot based scheduling is used, the PDCCH based indication could be applied on the SSB locations that overlap with the scheduled PDSCH allocation. 
Observation: Using similar procedure as for PDSCH forward compatible resource reservation, the RMSI rate matching could be made to account the actually used SS block locations by gNB.
4.2 	DCI format for RMSI scheduling
Current DCI format for RMSI scheduling, Format 1_0 [TS 38.212, section 7.3.1.2], is analyzed in the following. Red colored are not seen necessary for RMSI scheduling and green colored fields could have reduced size for RMSI scheduling.
	[bookmark: _Toc500953348]7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
The following information is transmitted by means of the DCI format 1_0:
-	Identifier for DCI formats – [1] bits

-	Frequency domain resource assignment – [] bits
-	Time domain resource assignment – X bits
-	VRB-to-PRB mapping – 1 bit
-	Modulation and coding scheme – [5] bits as defined in Subclause x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – [2] bits as defined in Subclause x.x of [6, TS38.214]
-	HARQ process number – [4] bits
-	Downlink assignment index – 2 bits as defined in Subclause 9.1.3 of [5, TS38.213]
-	TPC command for scheduled PUCCH – [2] bits as defined in Subclause x.x of [5, TS38.213]
-	PUCCH resource indicator – [2] bits as defined in Subclause x.x of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in Subclause x.x of [5, TS38.213] 




Based on above, it’s considered that for RMSI scheduling with SI-RNTI some of the fields of the Format 1_0 could be re-interpreted for the purpose of L1 based signaling to indicate whether the scheduled PDSCH is rate-matched around the SS block positions or not. The size of the DCI format could be remained but the UE determines the fields for RMSI scheduling if the it detects PDCCH with SI-RNTI. 
Proposal: For a scheduled PDSCH carrying RMSI that overlaps SS block positions in the cell, similarly as for forward compatible resources, L1 signaling indicates whether the scheduled PDSCH is rate-matched around the SS block positions or not. For initial access purposes, UE would treat the SS block locations as forward compatible resources in terms of PDSCH rate matching.
Proposal: Define DCI format for RMSI scheduling by reusing the size of Format 1_0 and re-interpret some of the fields for rate matching purposes (two bits would be enough).
5	Conclusions
In this contribution we discussed about some open aspects related to for RMSI CORESET.
For the PDCCH DMRS assumptions following proposals and observation were made:-
Proposal: When trying to decode PDCCH configured by PBCH or RMSI, UE shall assume that DMRS are only present within the resource element groups constituting the PDCCH.
Proposal: For CORESET configured by PBCH, UE shall assume that CORESET-precoder-granularity equals to CORESET-REG-bundle-size.
Observation: It would seem most straightforward to assume that the CORESET-precoder-granularity and CORESET-REG-bundle-size are same for the RMSI configured CORESETs as assumed for PBCH defined CORESET.
For PDCCH transmission and aggregation level we made following proposals:
Proposal: Adopt interleaved CCE-to-REG mapping for RMSI CORESET.
Proposal: Use 3-row interleaver for interleaved CCE-to-REG mapping for RMSI CORESET.
Proposal: Number of PDCCH candidates for ALs {4, 8, 16} are {3, 2, 1} when CORESET size supports AL=16. Otherwise, number of PDCCH candidates for ALs {4, 8, 16} are {4, 2, 0}.
In addition a text proposal to 38.213 is outlined in Section 2.3.
In context of the agreement made in RAN1#91 email discussion to support indication of valid location of RMSI, we make observations and proposals and observations. The aspects related to the indication are also discussed in [].
Observation: The number of needed raster points is driven by ≤ 2650MHz SS-raster with 900MHz cluster steps and [-5:0:+5]kHz raster points. If only the cluster would be addressed, the number of could be reduced by only indicating the SS-raster cluster point.
Proposal: When informing the location of SS/PBCH with RMSI for bands that use SS-raster with 900MHz cluster steps and [-5:0:+5]kHz raster points, only the location of the cluster would be indicated and UE would consider all three raster points (of the cluster) as candidates in initial cell selection.
Observation: For currently considered reframing bands, using direct indication of the SS/PBCH block with RMSI would seem possible.
Proposal: It would seem preferable to use the direct indication to indicate the frequency location of the SS/PBCH with RMSI. 
Observation: Exact mapping of the RMSI-PDCCH-Config to Global Synchronization Channel Number (GSCN) for each frequency band could be determine in RAN4 specification. 
Observation: There is a need also to indicate to the UE if there is no SS/PBCH with valid RMSI information (e.g. for a given operator). In this case it would be preferable that UE would not stop the initial cell selection procedure on the given carrier.
Observation: In the case that the location of the next SS/PBCH block with RMSI is not known, the 8 bits of RMSI-PDCCH-Config could be used to indicate to the UE the range where it is known that no SS/PBCH with RMSI is present.
Observation: The mechanism intended for initial cell search complexity reduction could also be used in case of many-to-one RMSI mapping, albeit in restricted manner.
Following the last meetings agreements on the RMSI CORESET patterns, in Section 4 we make following observations and proposals:
Observation: In case of short SS burst set periodicities, the minimum activity time has big impact to the achievable energy savings
Observation: Agreement “For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources” limits gNB’s scheduling flexibility for RMSI transmissions.
Observation: Using similar procedure as for PDSCH forward compatible resource reservation, the RMSI rate matching could be made to account the actually used SS block locations by gNB.
Proposal: For a scheduled PDSCH carrying RMSI that overlaps SS block positions in the cell, similarly as for forward compatible resources, L1 signaling indicates whether the scheduled PDSCH is rate-matched around the SS block positions or not. For initial access purposes, UE would treat the SS block locations as forward compatible resources in terms of PDSCH rate matching.
Proposal: Define DCI format for RMSI scheduling by reusing the size of Format 1_0 and re-interpret some of the fields for rate matching purposes (two bits would be enough).
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Annex A – Link simulations comparing interleaved and non-interleaved CCE-to-REG mapping for RMSI CORESET
Simulation parameters are provided in Table 3.
[bookmark: _Ref503302734]Table 3 Simulation parameters
	Parameter	
	Value

	Number of TX/RX antennas
	2/2

	Modulation
	QPSK

	Channel
	CDL C 100ns 3 km/h, 120km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE

	Channel coding
	Polar

	Subcarrier spacing (SCS)
	15 kHz

	DMRS overhead
	25%

	CORESET (frequency [PRB] x time [symbol])
	24x2, 24x3, 48x1, 48x2, 48x3, 96x1, 96x2, 96x3

	Aggregation levels
	4, 8, 16



Performance evaluation results are presented in the following figures. As a general observation, interleaved mapping performs always at least as well as non-interleaved. The larger the ratio between CORESET size and PDCCH allocation the better interleaved mapping do compared to non-interleaved option. Consequently, gain is at largest with aggregation level 4 and large CORESET size. 
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Figure 3 CORESET size 24x2.
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Figure 4 CORESET size 24x3.
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Figure 5 CORESET size 48x1.
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Figure 6 CORESET size 48x2.
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Figure 7 CORESET size 48x3.
	[image: ]
Figure 8 CORESET size 96x1.
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Figure 9 CORESET size 96x2.
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Figure 10 CORESET size 96x3.
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