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1. Introduction
In RAN1#89 meeting, the following agreements was made on synchronization signal (SS) burst composition [1]:
	Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation
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


Further details on SS burst set composition are provided in the present contribution.

2. Discussion on NR SS Block Candidate Positions in NR Slot
In NR, it is possible to have different numerologies for SS/PBCH and data/control transmissions simultaneously. For better resource utilization in scenarios with mixed numerologies, it is proposed to have the aligned boundaries of the first OFDM symbol of SS block and data/control OFDM symbol. Examples of aligned and misaligned OFDM symbol boundaries of SS block and data/control are provided in Figure 1 and Figure 2, respectively, for NR slots containing 14 OFDM symbols.


		

	
	(a) 5 OFDM symbols can be used for DL data/control	(b) 8 OFDM symbols can be used for data/control
[bookmark: _Ref481410750][bookmark: _Ref485419380]Figure 1. Examples of aligned SS block and data/control OFDM symbol boundaries
In Figure 1 and Figure 2, red frames corresponds to additional whole OFDM symbols, i.e., which do not collide with SS block and, therefore, additionally can be used for data/control transmissions.


[bookmark: _Ref485397832]Figure 2. Example of misaligned SS block and data/control OFDM symbol boundaries. Three additional whole OFDM symbols can be used for data/control transmission.
Comparing Figure 1 and Figure 2, it can be easily seen that the option with misaligned OFDM symbol boundaries of SS block and data/control provides the smallest number of additional OFDM symbols free of collision with SS blocks. Also, from Figure 1b, it can be seen that the OFDM symbol boundaries are always aligned when the subcarrier spacing (SCS) of SS/PBCH numerology is smaller than SCS of data/control.
Observation 1:
· In scenarios with mixed numerologies of SS/PBCH and data/control transmissions, the alignment of OFDM symbol boundaries of SS block and data/control provides better resource, i.e., OFDM symbol, utilization.
· When SCS of SS/PBCH numerology is smaller than SCS of data/control, the OFDM symbol boundaries of SS block and data/control are always aligned.

In 3GPP RAN1#89 meeting, the following working assumptions were made regarding the DL control channel transmission:
	Working assumptions:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions



To eliminate the negative situations when the transmission of control signaling is impossible due to SS blocks, we propose to avoid mapping of SS blocks onto OFDM symbols potentially used for NR-PDCCH and/or NR-PUCCH. Taking together into account the working assumptions above and Observation 1 it is proposed for SCS = 15 kHz in NR slot of 14 OFDM symbols to avoid mapping of SS blocks onto the first 3 and last 2 OFDM symbols as shown in Figure 3a.



    
(a) SCS = 15 kHz					(b) SCS  {30,120,240} kHz 			   (c) SCS  {240} kHz
[bookmark: _Ref485421655]Figure 3. Illustration of the SS block positions in NR slot of 14 OFDM symbols.
From Figure 3a, it can be seen that none of SS blocks crosses the middle of the 14 OFDM symbol-slot defined by 15 kHz SCS which is aligned with the agreements from 3GPP RAN1#89 [1]. For SCS  {30,120,240} kHz, to simultaneously align the OFDM symbol boundaries of SS block and data/control and minimize potential collisions between SS/PBCH and DL control transmission, it is proposed to avoid mapping of SS blocks onto the first 4 OFDM symbols and last 2 symbols in NR slot of 14 OFDM symbols as shown in Figure 3b. For the second slot of the {240} kHz, it is porposed to avoid mapping of SS block onto the first 2 OFDM symbols and last 4 symbols in the second NR slot of 14 OFDM symbols as shown in Figure 3c. It does not lead to partial OFDM symbol usage (illustrated in Figure 2) and crossing the middle of the slot of 14 symbols by 15 kHz SCS. Another advantage of positioning SS blocks within NR slot as shown in Figure 3b is DM-RS of PDSCH. If PDSCH is punctured/rate-matched around SS block, the DM-RS portion, which is usually front-loaded, is not lost.
In case NR supports 7 OFDM symbol slots in addition to the 14 OFDM symbol slots, it can be additionally supported for SCS = {15, 30} kHz. In such case, it would some benefits to align the SS block design such that it may be compatible with slot of 7 or 14 OFDM symbols. For SCS  {30} kHz, we may consider an alternative SS block positions of SS blocks in NR slots of 7 OFDM symbols as depicted in Figure 4.


[bookmark: _Ref485424970]Figure 4. Illustration of the Alternative SS block positions for 30kHz in NR that is slightly more compatible with slot of 7 OFDM symbols.
It should be noted that SS block mis-alignment with control channels may anyway happen when control/data uses different SCS from that of SS blocks. The 7 OFDM symbol slot definition would be not much special. Furthermore, the network would have the choice to not to use certain SS block positions in case it is determined to be unfavorable for other control/data transmissions.
Proposal 1:
· In 14 OFDM symbol NR slots for SCS=15 kHz, the first SS block is mapped to 4th to 7th OFDM symbols and second SS block is mapped to 9th to 12th OFDM symbols;
· In 14 OFDM symbol NR slots for SCS  {30,120} kHz and the first 14 OFDM symbol NR slot for SCS  {240} kHz, the first SS block is mapped to 5th to 8th OFDM symbols and second SS block is mapped to 9th to 12th OFDM symbols; 
· In the second 14 OFDM symbol NR slots for SCS  {240} kHz, the first SS block is mapped to 3th to 6th OFDM symbols and second SS block is mapped to 7th to 10th OFDM symbols 

3. Discussion on Actual SS Block Transmission Signalling
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 5.


[bookmark: _Ref481601014]Figure 5. Regular structure of NR SS burst set.
Another example is given in Figure 6 where by setting S = 0, P = 1 it is possible to configure continuous SS block transmission.


[bookmark: _Ref481601703]Figure 6. Example of continuous SS block transmission.
The regular structure of the NR SS burst set transmission from Figure 5 and Figure 6 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 2:
· To reduce the amount of information required to indicate actually transmitted SS blocks within NR SS burst set, introduce SS block offset S and SS block periodicity P in addition to the number of transmitted SS blocks L.

4. Discussion on Synchronization Requirement for The Network
In 3GPP RAN1#89 meeting it was agreed to confine the transmission of all SS blocks from SS burst set within a 5 ms window regardless of SS burst set periodicity [1]. The main motivation behind this decision was to reduce the power consumption of UE receiver (RX) by reducing as much as possible the active time the UE RX spends by doing measurements. However, the whole efforts to optimize the UE RX power consumption will be brought to nothing if multiple measurement windows are configured to the UE because the active time of the UE RX will eventually increase in this case. Especially, this is critical for UEs in IDLE mode. Therefore, multiple measurement windows should be avoided for UEs in IDLE mode. This does not imply that all UEs must have the same measurement window and periodicity. For example, the network can configure 20 ms periodicity. One UE, e.g., UE#1, can be informed to perform measurement using 80 ms periodicity with offset 20 ms. Other UE, e.g., UE#2, can be informed to perform measurement using 80 ms periodicity with offset 0 ms. And another UE, e.g., UE#3 can be informed to perform measurement using 20 ms periodicity. Therefore, from the network perspective, multiple measurement window are configured.
At the same time, IDLE mode UEs should be able to perform measurements potentially for any cell of the network. It can be achieved when all network cells transmit SS blocks within the UE measurement window (repeated with a particular SS burst set periodicity). Moreover, when the measurement window can be configured for the IDLE UE, it is reasonable to assume that the network assures some level of synchronization among its cells. The synchronization requirement in this case is not necessarily very strict, i.e., 0.25-0.5 ms is sufficient. The synchronization tolerance of 0.25-0.5 ms for NR cells when a single 5 ms measurement window can be configured is aligned with LTE measurement gap which is 6 ms. In future scenarios with inter-RAT mobility between NR and LTE, this choice potentially allows the UEs operating in LTE networks to leverage the LTE measurement gap for inter-RAT measurements of NR cells.
This can be also applied to UEs in CONNECTED mode. In case when some additional RRM measurements is needed, gNB can utilize CSI-RS which can be configured to be measured in any instant and not limited to SS block positions and its periodicity.
Based on the discussion above, the following proposal can be made:
Proposal 3:
· Multiple measurement windows with different periodicity should be avoided for UEs in IDLE mode. This does not imply that all UEs must have the same measurement window and periodicity.
· For IDLE mode UEs configured with a particular measurement window, all network cells transmit SS blocks within the window, and the synchronization requirement of 0.25-0.5 ms between NR cells is assured by the network.

5. Summary
In this section, all the proposals made are listed:

Proposal 1:
· In 14 OFDM symbol NR slots for SCS=15 kHz, the first SS block is mapped to 4th to 7th OFDM symbols and second SS block is mapped to 9th to 12th OFDM symbols;
· In 14 OFDM symbol NR slots for SCS  {30,120} kHz and the first 14 OFDM symbol NR slot for SCS  {240} kHz, the first SS block is mapped to 5th to 8th OFDM symbols and second SS block is mapped to 9th to 12th OFDM symbols; 
· In the second 14 OFDM symbol NR slots for SCS  {240} kHz, the first SS block is mapped to 3th to 6th OFDM symbols and second SS block is mapped to 7th to 10th OFDM symbols 

Proposal 2:
· To reduce the amount of information required to indicate actually transmitted SS blocks within NR SS burst set, introduce SS block offset S and SS block periodicity P in addition to the number of transmitted SS blocks L.

Proposal 3:
· Multiple measurement windows with different periodicity should be avoided for UEs in IDLE mode. This does not imply that all UEs must have the same measurement window and periodicity.
· For IDLE mode UEs configured with a particular measurement window, all network cells transmit SS blocks within the window, and the synchronization requirement of 0.25-0.5 ms between NR cells is assured by the network.
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