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1 Introduction
During RAN1#90 meeting [1], RAN1 made the following agreements and set the working assumptions regarding indication on actually transmitted SS/PBCH blocks for rate-matching purpose. In addition, RAN1 sent an LS to RAN2 asking whether different SS/PBCH blocks in a wideband carrier should be based on PSS/SSS corresponding to the same physical-layer cell identity or not. 
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
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

In this contribution, we provide analysis on different alternatives to transmit SS blocks within predefined possible SS block time locations and indicate actually transmitted SS blocks. Furthermore, considerations on multiple SS block transmissions in frequency within a wideband carrier are discussed. 
2 Time-domain SS block transmission and indication
2.1 Consideration for transmission patterns
If gNB periodically transmits a smaller number SS blocks in a SS burst set than a maximum number of SS blocks specified per frequency band, there may be multiple ways to transmit the SS blocks within an over-provisioned set of SS block time locations. In order to define allowed transmission patterns for the SS burst set with the smaller number of SS/PBCH blocks, following aspects related to TDD operation need be considered:
· Either 2 SS block locations within a SS slot (for 15 KHz, 30 KHz, and 120 KHz SCS) or 4 SS block locations within a SS slot-pair of two contiguous SS slots (for 240 KHz SCS) are defined in the adopted sets of possible SS block time locations. ‘SS slot’ refers to a slot with possible SS block time locations for 14-symbol slot configuration.
· It may be beneficial to configure the entire SS slot duration as downlink (DL) or uplink (UL) communication, in order to reduce overhead for DL-to-UL switching guard time, unless latency-sensitive traffics need to be served. Thus, fully occupying or fully emptying 2 (or 4) SS block time locations within a SS slot (or a SS slot-pair) needs to be supported.
· For latency-sensitive UL and DL traffics, it may be desired to transmit only one SS block in a SS slot and to use the remaining symbols of the SS slot for uplink communication. For 240 KHz SCS, 1~3 SS blocks can be transmitted in a DL region of a SS slot-pair and the remaining symbols of the SS slot-pair can be used for UL. Considering that a DL control region is defined from the beginning of a slot, transmitting SS blocks on consecutive possible SS block time locations within the SS slot or within the SS slot-pair starting from the first possible time location can reduce DL-to-UL and/or UL-to-DL switching frequencies and associated guard time overhead.  
Proposal 1: Both fully occupying and fully emptying possible SS block time locations within a SS slot (or a SS slot-pair) need to be supported. 
Proposal 2: For partial use of SS block time locations within a SS slot (or a SS slot-pair), SS block time locations within the SS slot (the SS slot-pair) should be occupied sequentially starting from the first one.
2.2 Comparison of different RMSI signalling alternatives 
Different RMSI signalling alternatives in the working assumptions are compared to help for down-selection:
· Alt. 1, Alt.2, and Alt.6 (Group-Bitmap + x, where x is Bitmap in Group, the number of actually transmitted SS/PBCH block in Group, or None.)
· These schemes have very limited flexibility, since the number of transmitted SS blocks and a SS block transmission pattern within a group are common for all the groups with at least one transmitted SS block.
· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)

· This scheme also has very limited flexibility, since the number of transmitted SS blocks and a SS block transmission pattern within a group are common for all the groups with at least one transmitted SS block. 
· Furthermore, since actual SS block transmission always starts with a predefined Group index, it would be difficult to realize time-staggered SS block transmission across different cells to mitigate inter-cell interference (assuming that the number of actually transmitted SS blocks is much smaller than 64, e.g. 32 SS blocks).  
· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group
· This scheme allows a different number of SS block transmissions per group. Sequential SS block transmission within a group is also suitable for balanced TDD operation between switching guard time overhead and low-latency support.

· Required number of bits for signalling varies depending on the number of groups with at least one SS block transmission. Since RMSI is transmitted in PDSCH, a variable payload size can be easily accommodated and can reduce signalling overhead significantly for some cases (when SS blocks are transmitted in a small number of Groups). Table 1 provides comparison of a number of required bits for different group sizes.

· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks
· This scheme is beneficial for SS block interference coordination across cells by allowing a flexible starting position. However, it also has limited flexibility, as SS blocks always need to be transmitted with equal time interval.  
Proposal 3: Adopt SS slot-pair-level indication on the number of transmitted SS blocks (i.e. Alt. 4 with Group size of 4). 
Table 1 Comparison of a number of required bits for different group sizes in Alternative 4
	Determination of bit length 
	L
	M

(Group size)
	Number of bits required
	Overhead reduction compared to full bitmap
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	64
	2
	32 ~ 63
	2% ~ 50%

	
	64
	4
	17 ~ 47
	27% ~ 73%

	
	64
	8
	11 ~ 32
	50% ~ 83%


3 Multiple SS/PBCH block transmissions in frequency

If multiple SS burst sets transmitted in frequency are associated with a single wideband carrier (i.e. a single scheduling entity capable of addressing any frequency part of the wideband carrier), the same PSS/SSS sequences can be employed for those SS burst sets to implicitly indicate to UE the association of those SS burst sets. Further, to differentiate the multiple SS burst sets in frequency of the wideband carrier, frequency-domain SS burst sets index can be included as payload of PBCH. These indices can also be used to construct extended cell IDs addressing multiple logical cells of the wideband carrier, wherein each logical cell can schedule any part of the wideband carrier and is associated with one SS burst set in frequency of the wideband carrier. 

UEs operated with a narrowband transceiver will be able to use only some frequency parts within the wideband carrier at a given time. Thus, the number of SS burst sets in frequency for the wideband carrier may need to be large enough to distribute narrowband UEs across multiple frequency parts of the wideband carrier. On the other hand, signalling overhead in PBCH and radio resource overhead from multiple SS burst set transmissions in frequency should be taken into account. Assuming potential 400 MHz or 800 MHz carrier bandwidth and 100MHz minimum UE bandwidth in high frequency bands (e.g. frequency band above 6GHz), maximum 4~8 SS block transmissions in frequency may be appropriate, i.e. up to 4~8 SS burst sets in frequency with 2~3 bit indication in PBCH. 

Proposal 4: Maximum 4~8 SS bust sets can be transmitted in frequency for a single wideband carrier.  
If multiple SS burst sets in frequency associated with a wideband carrier are transmitted in SS raster frequencies, each frequency part within the wideband carrier having a SS burst set is self-discoverable. An idle mode UE can camp on one SS burst set in frequency of the wideband carrier, as long as PBCH of the SS burst set indicates that a logical cell associated with the SS burst set is not barred for UE to camp on. In addition, not only connected mode UEs but also idle mode or initial access UEs which are not informed of specific frequency locations of multiple SS burst sets of the wideband carrier may be able to combine multiple PSS/SSS sequence correlation outputs obtained from the different SS raster frequency locations (combining is up to UE implementation) and reduce cell detection latency.  
Proposal 5: Multiple SS burst sets in frequency are transmitted on SS raster frequencies in a wideband carrier.  
Considering that multiple SS burst sets for a wideband carrier may be transmitted from same or different (but synchronized and coordinated) network nodes or TRPs (Tx/Rx point) depending on deployment scenarios, it is desired to separately configure each SS burst set of the wideband carrier in terms of SS burst set periodicity, the number of SS blocks per SS burst set (i.e. number of downlink Tx beams per SS burst set), SS transmit power, and (actually transmitted) SS block time locations within the SS burst set. Furthermore, corresponding RMSI contents including configurations of SS burst set and RACH may be different per SS burst set in frequency. 

For example, depending on user distribution or cell loading conditions, some logical cells of the wideband carrier may be less used or not used for a given time duration. Then, SS burst sets for those logical cells may be transmitted with longer periodicity. Also, different network nodes for the wideband carrier may have different number of antenna groups and/or belong to different power classes, leading to different number of Tx beams and/or different SS transmit power. As per the SS block time locations, some coordination may be needed across frequency parts to avoid DL/UL interference. For example, if all logical cells of the wideband carrier are co-located at a node (i.e. one node transmits the multiple SS burst sets in frequency) and the node does not have full-duplex capability, the node may have to coordinate time locations of transmitted SS blocks of the multiple SS burst sets to have common DL or UL regions across the frequency parts. In any case, it is desired to define a separate configuration signalling for each SS burst set, in order to accommodate various deployment scenarios and future-proof design.     

Proposal 6: Each SS burst set of multiple SS burst sets in frequency for a wideband carrier has a separate configuration in terms of SS burst set periodicity, the number of SS blocks per SS burst set (i.e. number of downlink Tx beams per SS burst set), SS transmit power, and (actually transmitted) SS block time locations within a SS burst set. 
4 Conclusion
In summary, we propose the followings for time-domain SS block transmission, indication on actually transmitted SS blocks, and multiple SS block transmissions in frequency:

· Proposal 1: Both fully occupying and fully emptying possible SS block time locations within a SS slot (or a SS slot-pair) need to be supported. 

· Proposal 2: For partial use of SS block time locations within a SS slot (or a SS slot-pair), SS block time locations within the SS slot (the SS slot-pair) should be occupied sequentially starting from the first one.
· Proposal 3: Adopt SS slot-pair-level indication on the number of transmitted SS blocks (i.e. Alt. 4 with Group size of 4). 
· Proposal 4: Maximum 4~8 SS bust sets can be transmitted in frequency for a single wideband carrier.  
· Proposal 5: Multiple SS burst sets in frequency are transmitted on SS raster frequencies in a wideband carrier.  
· Proposal 6: Each SS burst set of multiple SS burst sets in frequency for a wideband carrier has a separate configuration in terms of SS burst set periodicity, the number of SS blocks per SS burst set (i.e. number of downlink Tx beams per SS burst set), SS transmit power, and (actually transmitted) SS block time locations within a SS burst set. 
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