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1. Introduction
[bookmark: _GoBack]In RAN1 NR Ad-hoc#2, the SS block candidate locations within the half radio frame was agreed. In this contribution, we discuss the signaling aspects of the actual SS block transmission. The three relevant agreements from RAN1 #88, RAN1 #88bis and RAN1 #89 regarding signaling for actual SS block transmission is shown below.
	RAN1 #88 Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category
· 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)

	RAN1 #88bis Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.

	RAN1 #90 Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements




2. Discussion on Actual SS Block Transmission Signaling
Within the transmission time window, described in the previous section, the NR SS burst set can be logically split into a number of nominal SS blocks some of which are actually transmitted SS blocks, i.e., contain NR PSS/SSS/PBCH. The maximum number of the nominal SS blocks is Lmax (predefined) and the number of actual SS blocks is L. The gNB informs the UE about exact SS block time positons within NR SS burst set. One of the most flexible means to provide the signaling about actually transmitted SS blocks is to use a bitmap. The size of the bitmap (i.e., the number of bits) is equal to the number of nominal SS blocks within the NR SS burst set where SS transmission can occur. Bit 1 indicates that there is actually transmitted SS block at the position of the corresponding nominal SS block; bit 0 (otherwise) indicates no SS transmission. However, such flexibility of the bitmap does not come for free: it requires a large amount of information transmitted in a broadcast/dedicated manner from gNB to UEs.
Instead of bitmap, i.e., to compress the amount of required information, we propose to introduce the following two parameters: 1) SS block offset S; and 2) SS block gap (interval) P in addition to the number of actual SS blocks L. A single configuration of three parameters (L,P,S) specifies regular transmission of SS blocks as shown in Figure 1.


[bookmark: _Ref481601014]Figure 1. Regular structure of NR SS burst set.
Another example is given in Figure 2 where by setting S = 0, P = 1 it is possible to configure continuous SS block transmission.


[bookmark: _Ref481601703]Figure 2. Example of continuous SS block transmission.
The regular structure of the NR SS burst set transmission from Figure 1 and Figure 2 can be used, for example, to enable inter-cell interference coordination between multiple gNBs, e.g., by setting different SS block offset values S. Also, the resources from nominal SS blocks between actually transmitted SS blocks can be used for downlink or uplink data transmission or PRACH transmissions to enable the reuse of the gNB’s TX beams for reception signals from UEs (in case of beam correspondence at the gNB).
For Lmax = 64 the maximum required number of bits to encode (L,P,S) is 18 assuming 6 bit per each parameter. This already results in more than 3x less bits compared to the use of bitmap. Further reduction of the required number of bits can be achieved if it is always assumed that P = Lmax/L. For Lmax = 64 this results in 12 bits which is more than 5x less bits compared to bitmap. For smaller number of Lmax the bitmap can be used.

Proposal 1:
· When maximum number of SS blocks per SS burst set is 64, actual transmitted SS blocks is signaled using SS block offset S, SS block periodicity P, and  the actual number of transmitted SS blocks L.
· When maximum number of SS blocks per SS burst set is less than 64, actual transmitted SS blocks is signaled using bitmap approach.


We the proposed signaling methods, the required number of bits for the actual SS block transmission indication are 4, 8, and 18 bits for L=4, L=8, and L=64, respectively. This information is only critical when receiving PDSCH, since it is only essential for performing rate-matching functions for PDSCH. Therefore, there is no need for this to be included in the NR PBCH. The most appropriate location for the signaling to indicate the actual SS block transmission would be the remaining system information (RMSI). This provides a system wide signaling for all the UEs camped to the cell, which can be used for any PDCCH and PDSCH transmission that would need to be received after the MSI.

Proposal 2:
· Actual SS block transmission indication is signaled in RMSI.



3. Summary
In this section, we summarize our proposals.

Proposal 1:
· When maximum number of SS blocks per SS burst set is 64, actual transmitted SS blocks is signaled using SS block offset S, SS block periodicity P, and the actual number of transmitted SS blocks L.
· When maximum number of SS blocks per SS burst set is less than 64, actual transmitted SS blocks is signaled using bitmap approach.

Proposal 2:
· Actual SS block transmission indication is signaled in RMSI.
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