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[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK99][bookmark: OLE_LINK98][bookmark: OLE_LINK8][bookmark: OLE_LINK7]During RAN1#88 the issue on how to indicate position(s) of actual transmitted SS/PBCH blocks was raised for further study [1]. And in RAN1#90, the indication methods were discussed respectively for frequency range below and above 6 GHz, and some alternatives in compressed form for above 6 GHz case were listed further down-selected [2]: 
	Agreements: #88
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)
Agreements: #90
· 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
Working assumptions: #90
· 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


In this contribution, we focus on further discussion on position indication of actual transmitted SS/PBCH blocks in compressed form for above 6 GHz case. And some remaining issues on multiple SS/PBCH blocks will also be discussed. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK50]Indication of actual transmitted SS/PBCH block positions
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK2][bookmark: OLE_LINK1]As shown in previous agreements, the maximum number of possible candidate SS/PBCH block positions within SS/PBCH burst set L had been defined. And each possible candidate SS/PBCH block positions had also been pointed out by SCS specific SS/PBCH block mapping pattern(s). Further, a part of potential SS/PBCH block positions will be selected by the gNB for actual transmission. During cell search, the information on the position(s) of the actual transmitted SS/PBCH blocks may not be very useful. However, after cell detection both IDLE and CONNECTED mode UEs need to monitor the cell-level quantity of the detected cells. This involves measuring the SS/PBCH block level quantity on all SS/PBCH blocks to derive the cell-level quantity. Given that the number of SS/PBCH blocks for frequency range above 6 GHz is 64, the total amount of SS/PBCH blocks-level quantities that have to be measured for the monitored cells can be high. However, in many cases cells transmit significantly fewer SS/PBCH blocks than the maximum number. Hence, by providing this information to both IDLE and CONNECTED UEs, they can significantly reduce their measurement effort. On the other hand, the resource occupied by actual transmitted SS/PBCH block will not be used for data transmission, so such position information will also be used for rate matching purpose. 
As discussed last meeting, due to unacceptable overhead of full bitmap indication by RMSI, the indication method in compressed form in above 6 GHz case should be considered. The following factors can be considered for indicating SS/PBCH block position(s) actual transmitted from potential SS/PBCH block positions: 
1. [bookmark: OLE_LINK12][bookmark: OLE_LINK11]Requirement of actual transmitted SS/PBCH blocks number
In order to support the expected deployment scenario, a certain number of SS/PBCH blocks are needed to be actually transmitted within one SS/PBCH burst set. This number may be different for different antenna configuration and expected coverage ranges. So certain flexibility should be given to gNB for supporting different number of actual transmitted SS/PBCH blocks.
2. Potential resource reserved for URLLC-like service
[bookmark: OLE_LINK9]Some sudden services may arrive momentarily even during SS/PBCH block transmission window. In the current SS/PBCH burst set composition of 120 kHz and 240 kHz, the above issue can be mitigate by configuring one 120 kHz normal data slot between each two SS/PBCH block groups with length of four 120 kHz slots [3]. Under the condition of high probability of URLLC-like services, additional resources may be needed. Especially for the case that only a part of the possible candidate SS/PBCH block positions are needed to be actually transmitted, reserving some possible candidate SS/PBCH block positions at intervals for URLLC-like service transmission rather than puncture SS/PBCH blocks expected to transmit will be a reasonable option. 
3. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Potential requirement of NR-PBCH combining across SS/PBCH burst set
In LTE system, combining of PBCH transmissions within 40 ms PBCH TTI is supported. Similarly, combining of NR-PBCH across SS/PBCH burst set within 80 ms NR-PBCH TTI is also agreed to be supported for improving receiving performance. For this, the same actual transmitted SS/PBCH block positions should be kept at least within each 80 ms NR-PBCH TTI respectively.
4. A reasonable signaling overhead
For actual transmitted SS/PBCH block positions indicating especially via RMSI, excess signaling overhead should be avoided.
1.1 Comparison of different alternatives
Considering the above factors, some analysis and comparisons will be given for different alternatives listed in last meeting. For some alternatives with SS/PBCH block grouping, we will take 8 SS/PBCH blocks in a SS/PBCH block group and total 64 potential SS/PBCH blocks as an example.
· Signaling overhead: 
The signaling overhead for the different alternative are:
· Alt1: 16 bits
· Alt2 and Alt3: 11 bits
· Alt4: 32 bits
· Alt5:18 bits
· Alt6: 8 bits
· Flexibility: 
The supportable number of actual transmitted SS/PBCH blocks by each alternatives:
· For Alt.1, Alt.2, Alt.3: 
The following actual transmitted SS/PBCH block number(in total 30 out of 64) can be supported: 1-10, 12, 14, 15, 16, 18, 20, 21, 24, 25, 28, 30, 32, 35, 36, 40, 42, 48, 49, 56, 64. 
· Alt.4: 1-64 (all SS/PBCH blocks)
· Alt.5: 1-64 (all SS/PBCH blocks)
· Alt.6: 8, 16, 24, 32, 40, 48, 56, 64 (in total 8 out of 64 possible)
The position flexibility of actual transmitted SS/PBCH blocks: the main consideration is support for service with low latency and high reliable requirement. 
Dynamic configuration of actual transmitted SS/PBCH block positions will not be supported due to the requirement of combination across different SS/PBCH burst set periods. In terms of position flexibility for supporting URLLC-like service, resources reserved may be considered as a main scheme. Especially for the case that the number of actual transmitted SS/PBCH blocks is less than potential SS/PBCH block resource, reserving one or more potential SS/PBCH block resources between two neighboring actual transmitted SS/PBCH blocks can provide some possible for supporting URLLC-like service. Puncture of actual transmitted SS/PBCH blocks will be a supplementary way only when there is not enough reserving resource for supporting all the URLLC-like service. 
As shown in figure 1 to 3, Alt.1 to 3 are presented respectively. For Alt.2, several continuous potential SS/PBCH block resources will be occupied by the actual transmitted SS/PBCH blocks within a SS/PBCH block group. During these continuous resources, no other data can be transmitted unless some of actual transmitted SS/PBCH blocks are punctured. Similarly, the same issue can also be found in both Alt.4 and Alt.6. On the other hand, it is allowed by Alt.1 and Alt.3 to map actual transmitted SS/PBCH blocks within a SS/PBCH block group to continuous potential SS/PBCH block resources. Some resources (i.e. SS/PBCH block1, SS/PBCH block3, SS/PBCH block5 of SS/PBCH block group 0 in figure 1 and 3) can be reserved for URLLC-like service transmission. 
So 'bitmap in group' allows interval mapping actual transmitted SS/PBCH blocks, which beneficial for supporting service with low latency and high reliable requirement. For 'Group-Bitmap', there is no obvious demand being found.
For Alt.5, if the number of actual transmitted SS/PBCH blocks is larger than 32, other data transmission will be limited severely as no interval will be allowed between each neighboring actual transmitted SS/PBCH blocks. 
Observation 1: 'Bitmap in group' allows interval mapping actual transmitted SS/PBCH blocks, which beneficial for supporting service with low latency and high reliable requirement. 
Observation 2: There is no obvious demand being found for 'Group-Bitmap'.


Figure 1: Example of alternative 1


Figure 2: Example of alternative 2


Figure 3: Example of alternative 3
· Energy consumption
Different indication alternatives will affect the mapping structure of actual transmitted SS/PBCH blocks. For example, the SS/PBCH block groups are configured continuously in Alt.3. And 'Group-Bitmap' is designed by Alt. 1, 2, 4, 6 to get discontinuous actual transmitted SS/PBCH block groups. From the side of RRM measurement based on SS/PBCH block by UE, a centralized SS/PBCH block groups configuration will be beneficial for energy saving. Meanwhile, it is also beneficial for NW power saving, since (slightly) longer gNB sleep period can be achieved, especially at low SS burst set periodicities.
For Alt.5, actual transmitted SS/PBCH blocks will be continuous configured when the gap of two neighboring actual transmitted SS/PBCH blocks is set to zero. On the contrary, actual transmitted SS/PBCH blocks will become scattered by setting 'gap'>0. 
Observation 3: A centralized SS/PBCH block groups configuration will be beneficial for energy saving of both UE SS/PBCH block based RRM measurement and NW SS/PBCH block transmission . 
1.2 Summary
Table 1 Summary of comparison
	Scheme
	Signaling overhead
	Flexibility (supportable number of actual transmitted SS/PBCH blocks)
	Flexibility (position flexibility of actual transmitted SS/PBCH blocks)
	Energy consumption

	Alt.1
	Medium
	Medium
	High
	Medium

	Alt.2
	Low
	Medium
	Medium
	Medium

	Alt.3
	Low
	Medium
	High
	Low

	Alt.4
	High
	High
	Medium
	Medium

	Alt.5
	Medium
	High
	Medium
	Medium

	Alt.6
	Low
	Low
	Low
	Medium


According to the analysis above, we have summary the key points in Table 1. Comparing to other alternatives, Alt.3 can provide a relatively lower signaling overhead, higher position flexibility of actual transmitted SS/PBCH blocks and lower energy consumption. NR should support 'Bitmap in Group + The number of actually transmitted Groups' for indicating of actual transmitted SS/PBCH block positions for over6GHz cases.
As further discussed in our companion contribution [7], we propose to incorporate a power offset into the Bitmap in Group or Group bitmap, by expanding it from 1 bit to multiple bits per SS/PBCH block or Group. The purpose is to support SS/PBCH blocks with different transmit power, for instance due to TRPs with different transmit power. As an example, by expanding Bitmap in Group from 1 bit to 2 bits, the SS/PBCH block power offsets 0 dB, -10 dB and -20 dB could be indicated in addition to OFF (zero power). The power offset is in relation to a configured cell level transmit power level (like reference signal power in LTE).
Proposal 1: NR should support 'Alt.3: Bitmap in Group + The number of actually transmitted Groups' for indicating of actual transmitted SS/PBCH block positions for over 6GHz cases.
· Bitmap in Group with multiple bits per SS/PBCH block is adopted to indicate transmit power offset
Remaining issues of multiple SS/PBCH blocks
In the RAN1#89 meeting, it was agreed that NR supports multiple SS/PBCH block transmissions in wideband CC in the frequency domain [4]. Obviously, there will be multiple NR-PBCHs in multiple SS/PBCH blocks accordingly. As agreed in previous meeting, NR-PBCH payload include frequency location of CORESET for RMSI scheduling. Then, the issue is whether different NR-PBCH will configure different CORESET respectively. 
If yes, it may be benefit to non CA UE, e.g., non CA UE does not have to retune receiver in this phase because multiple CORESETs corresponding to different BWP. On the other hand, multiple CORESETs are redundant for wideband UE. For CA UE, it is contradictory to have only one CSS like CA in LTE-A. If no, multiple NR-PBCHs configure the same CORESET should be considered, non CA UE maybe need to retune receiver for obtaining only one CORESET. 
According to agreements in RAN1#90 meeting, CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH. So it seems that retuning between reception of NR-PBCH and RMSI CORESET may not be a serious issue for bandwidth limited UE. So different SS/PBCH blocks belong to different BWPs corresponding to a single CORESET for RMSI can be considered. 
1.3 Indication of frequency location of CORESET for RMSI
Note that UEs do not know physical carrier central subcarrier (PCcenter) location after synchronization, which will result in that it is difficult to know the scheduling of group common PDSCH, RS sequences, BWP configuration according to common PRB indexing. However, for reception of CORESET(s) for initial access, it can work even if PCcenter location is not known. Therefore, here, we will focus on discussion for CORESET(s) location corresponding to frequency resource. Of course, PCcenter location can be directly notified when it is needed to know like notifying CORESET(s) location. 
For frequency location of CORESET for RMSI indicating, it is worth noting that if frequency raster is sparser compared to channel raster, it is natural to foresee that one frequency raster correspond to one or multi channel raster. A direct approach is that E-UTRA Absolute Radio Frequency Channel Number (EARFCN) may be used to notify this information. However, in NR scenario, system bandwidth may be much wider than previous systems. Therefore, signaling overhead is very large if EARFCN is used directly. Another effective approach is that an offset relative to current frequency position may be used to notify information. And this offset may be relative channel number or the other relative quantity.
Proposal 2: CORESET(s) for RMSI or PCcenter location should be indicated by the relative quantity, e.g. relative channel number or relative PRB number.
Which reference point is appropriate for notifying CORESET location? Possible reference points include center/boundary of NR carrier, center/boundary of RMSI BW, center/boundary of SS/PBCH block. Note that reception of this CORESET for initial access is the next step after reception of SS/PBCH block. In this moment, CORESET location is no necessity to know center/boundary of NR carrier. In addition, this CORESET for common includes RMSI scheduling information itself, and we think CORESET location can be notified directly regardless of rough range of PDSCH scheduling for RMSI. Therefore, only center/boundary of SS/PBCH block is appropriate for reference point. 
Proposal 3: NR should use center/boundary of SS/PBCH block as reference point for CORESET frequency location indicating. 
1.4 On indicating of rough range of PDSCH scheduling for RMSI
Another issue is that whether information regarding to rough range of PDSCH scheduling for RMSI should be indicated. If yes, there are two steps to obtain CORESET location. The first step, rough range of PDSCH scheduling for RMSI is notified. And the second step, CORESET location is notified. If no, CORESET location can be notified directly. Here, we will list two cases as shown in the figure1.
As shown in the below agreements made in last meeting [2], figure 4 gives two typical cases of position relationship for SS/PBCH block, CORESET and PDSCH for RMSI, i.e. TDM between SS/PBCH block and CORESET, Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth.
	Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band
Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM


· For case1, we think one important requirement that rough range of PDSCH scheduling for RMSI is placed in NR-PBCH is retuning issue due to UE with limited bandwidth capacity need to be considered, i.e., rough range of PDSCH scheduling for RMSI should contain CORESET frequency resource. However, we also think no issue is made for the case of UE with limited bandwidth capacity as long as center/boundary of CORESET and rough range of PDSCH scheduling for RMSI are aligned. Note that aligned center/boundary is possible to be interfered by neighboring cell. To overcome this shortcoming, UE can adjust receive rough range of PDSCH scheduling for RMSI according to offset depending on cell level parameter. In this case, only CORESET location can be notified directly and center/boundary of CORESET and rough range of PDSCH scheduling for RMSI do not need to be aligned. 
· For case2, TDM is further adopted between CORESET and RMSI, it also is not necessary for two steps to obtain CORESET location. 


Figure 4: Position relationships for SS/PBCH block, CORESET and PDSCH for RMSI
Note that the case FDM between SS/PBCH block and CORESET/NR-PDSCH is similar with the above two cases, and we will omit to explain it again. All in all, it should be carefully considered when any information e.g., rough range of PDSCH scheduling for RMSI will be carried into NR-PBCH. We prefer it is unnecessary to carry rough range of PDSCH scheduling for RMSI in NR-PBCH. And a fixed/cell-specific frequency domain offset between CORESET and PDSCH for RMSI can be introduced. 
Proposal 4: It is unnecessary to carry rough range of PDSCH scheduling for RMSI in NR-PBCH. And a fixed/cell-specific frequency domain offset between CORESET and PDSCH for RMSI can be introduced. 
Conclusions
The following was proposed above:
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: 'Bitmap in group' allows interval mapping actual transmitted SS/PBCH blocks, which beneficial for supporting service with low latency and high reliable requirement. 
Observation 2: There is no obvious demand being found for 'Group-Bitmap'.
Observation 3: A centralized SS/PBCH block groups configuration will be beneficial for energy consumption of UE SS/PBCH block based RRM measurement. 
Proposal 1: NR should support 'Alt.3: Bitmap in Group + The number of actually transmitted Groups' for indicating of actual transmitted SS/PBCH block positions for over 6GHz cases.
· Bitmap in Group with multiple bits per SS/PBCH block is adopted to indicate transmit power offset
Proposal 2: CORESET(s) for RMSI or PCcenter location should be indicated by the relative quantity, e.g. relative channel number or relative PRB number.
Proposal 3: NR should use center/boundary of SS/PBCH block as reference point for CORESET frequency location indicating. 
Proposal 4: It is unnecessary to carry rough range of PDSCH scheduling for RMSI in NR-PBCH. And a fixed/cell-specific frequency domain offset between CORESET and PDSCH for RMSI can be introduced. 
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