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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]As agreed in the previous RAN1 meetings, the structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for DL initial signal transmission. In RAN1 #88bis, the refinement structure of such sweeping transmission had been further discussed. And several issues in the following agreement were identified for further study[1]. 
	Agreements:
· Followings remaining issues need to be finalized by Nov. meeting
· Remaining details of SS burst set configurations
· Mapping of SS blocks to bursts
· Mapping of SS bursts to burst sets
· Indication of actually used SS blocks
· Note that all RRC related aspects need to be finalized by Oct. meeting
· 


In this contribution, we focus on the composition of SS block, burst and burst set. More specifically, it contains consideration of multiplexing other signals/channels in the SS block, mapping SS blocks to slot, mapping of SS bursts to burst sets and indication method of actual transmission SS block position. 
2. Composition of SS block
During RAN1#88bis the following agreements and working assumption on multiplexing among SSs and PBCH were reached[1]:
Agreements:
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)
Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS
· 1 symbol NR-SSS
· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
So it is reasonable to assume that 4 consecutive symbols will be adopted for each SS block. In order to minimize the length of SS block, it is not reasonable to introduce other signals TDMed with SS/PBCH in SS block. The design of SS/PBCH transmission is based on the smallest system bandwidth. For example, the transmission bandwidth when using 120 kHz subcarrier spacing for SS/PBCH is smaller than 40 MHz. And only about 15.24 MHz will be occupied for SS with 127 length sequence. Therefore, the residual bandwidth needs to be considered for other signals transmission. Further more, for system bandwidth larger than the smallest system bandwidth of 40 MHz, utilizing the remaining frequency resource to transmit other signals also should be considered. 
One option is to use the remaining frequency resources to transmit CSI-RS. CSI-RS can be used for RSRP measurement, fine time/frequency synchronization and beam identification or alignment. CSI-RS transmission in ‘always on’ manner should be avoided for the reason of power saving, forward compatibility and interference mitigation. During initial access, CSI-RS transmission can be triggered by the preamble and the configuration is sent to the UE via e.g. RAR. This mechanism allows UE to perform fine beam searching before RRC connection is established. Then data transmission using the most suitable beam direction can be started directly after RRC is established. Furthermore, the CSI-RS in SS block can also be used by connected mode UEs with appropriate triggering and configuration.
Proposal 1: ‘always on’ CSI-RS in SS block should be avoided.
· during initial access, CSI-RS can be triggered by the preamble
CSI-RS will also need beam sweeping for the same reason as SS/PBCH. So it should be allowed to transmit CSI-RS during SS block. It is noted that CSI-RS may also be transmitted in other slots or subframes, it is suitable that the same CSI-RS design should be used independently of when it is transmitted. Additionally, if CSI-RS is transmitted in ‘triggered’ manner, SS block should have a common structure no matter if CSI-RS is transmitted during it. By considering requirement of resource efficiency, SS blocks should be as short as possible, so CSI-RS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols. 
Proposal 2: NR should support CSI-RS during SS block
· CSI-RS during SS block should share the same design (e.g. pattern) as CSI-RS transmitted in other slot/subframe
· SS block should have a common structure no matter if CSI-RS is transmitted during it
· CSI-RS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols
As discussed above, for a larger system bandwidth or power non-limited scenarios, the frequency resources in the OFDM symbols accommodating SS/SI may also be efficiently utilized for control/data transmission. For control transmission, some control channel with sweeping transmission requirement like paging DCI can be transmitted during SS block[2]. For data transmission during SS block, how to allocate the unused resources in the blocks for data transmission should be studied. For example, as shown in Figure 1, the resources can be scheduled via a DL grant in a previous slot or via a DL grant in the slot to which the SS block is mapped (with discontinuous SS burst structure as discussed in following section).



Figure 1: Example on Efficient Utilization of the Resources in SS block (Assuming a Discontinuous SS burst Structure)
[bookmark: OLE_LINK1]Proposal 3: Frequency multiplexed DL control/data transmission during SS blocks is supported. 
3. General structure of SS burst set
Base on the understanding of current agreements, the general structure of SS burst set with following features can be further considered: 
· a SS burst set comprises fixed number (N) of nominal SS bursts, the nominal SS burst location is fixed (e.g. per 5ms) 
· a SS burst comprises fixed number (M) of nominal SS blocks, the maximal SS burst duration is fixed 
· a SS burst set comprises fixed number (N*M) of nominal SS blocks
· the actual number of transmitted SS bursts and the actual number of transmitted SS blocks in one SS burst are configurable, and depending on the number of analog beams and the number of repetition of each beam direction. The transmitted SS blocks in an SS burst do not have to be consecutive.
· the actual number of transmitted SS blocks in different SS burst can be different
· the actual transmitted SS block positions can be configured semi-statically 
Nominal SS bursts with a certain period are located at some predefined locations. Accordingly, the number of nominal SS bursts in one SS burst set is fixed. With fixed maximal duration of nominal SS burst, fixed number of nominal SS blocks can be found in each nominal SS burst. Naturally, there are fixed number of nominal SS blocks in one SS burst set. The SS blocks actually transmitted by gNB are a subset of nominal SS blocks.
The nominal SS blocks are indexed according to such fixed number of nominal SS blocks regardless of whether SS blocks are actually transmitted. As discussed in previous chapter, SS bursts with discontinuous structure could be introduced to maintain the flexibility of data transmission before or after the SS burst. In the case that a nominal SS block is occupied by another transmission e.g. uplink control, the index of the SS block will still be reserved and not moved the next actually transmitted SS block. 
Pros: 
· Unified structure: all the locations of nominal SS blocks are predefined and indexed. 
· Less signalling overhead for timing information: each nominal SS block has an index. Then UE obtains timing information when it knows SS block index. 
· Flexibility: by configurable actual transmission of subsets of SS blocks, and the positions of actual transmitted SS blocks can be indicated through remaining minimum SI[3].
· Easy to implement SFN transmission from multi-TRPs and potential combination detection across SS burst sets.
Cons: the maximum number of beams supported in one SS burst set is fixed, which is not very flexible.
From the above analysis, it seems to be a reasonable option, which means the periodicity and structure of SS burst set should be predefined for a given band. 
Proposal 4: For a given frequency band, structure of SS burst set is predefined as follows:
· an SS burst set comprises a fixed number (N) of nominal SS bursts, the nominal SS burst location within the SS burst set is fixed (e.g. per 5ms) 
· an SS burst comprises a fixed number (L) of nominal SS blocks and the maximum SS burst duration is fixed 
· an SS burst set comprises a fixed number (N*L) of nominal SS blocks
· the nominal SS blocks are indexed according to such fixed number of nominal SS blocks regardless of whether SS blocks are actually transmitted
· the actual number of SS bursts and the actual number of SS blocks in one SS burst are configurable
· the actual number of SS blocks in different SS burst can be different
· the actual SS blocks transmitted by gNB are a subset of nominal SS blocks
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]
4. Mapping SS blocks to SS burst
One key issue on SS burst structure is the relation between SS blocks and the slot for the transmission of data and corresponding control signaling, i.e. how to map SS blocks into slot. For multi-beam based deployments, a multi-slot level duration of the SS burst will be needed. As shown in Figure 2, although self-contained feedback and scheduling for DL and UL data transmission is very attractive in many cases, it is still doubtful whether it can be used in all cases. In such cases, delayed feedback and/or scheduling needs to be used. Then, some symbols located in the SS burst will be reserved for DL/UL control according to the fixed timing relationship. So discontinuous SS burst approach as shown in Figure 2 should be applied. Then, even a long SS burst may not impact flexibility of data transmission before or after the SS burst. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Some symbols reserved for potential DL/UL control may not be actually used by control as no feedback and/or scheduling is needed. In this case, such symbols can also be configured for mini-slots transmission.


Figure 2: Illustration of discontinuous SS burst
Proposal 5: NR should support mapping of SS blocks to SS burst in a distributed manner by reserving UC and DC symbols between two neighbour SS blocks. 
As shown in Figure 3, the following two basic structures can be further considered for mapping SS blocks to slots: 
In both configurations, a slot is considered as the basic unit length for the mapping of SS blocks. According to the number of SS blocks needed, a SS burst will be composed by connecting the corresponding number of slots. In the option (a) structure, three nominal SS blocks can be mapping into a slot of 14-symbols. Whether the last SS block in each slot can be actually transmitted depends on the current requirement of UL feedback. For the structure of option (b), two nominal SS blocks can be mapping into a slot of 14-symbols. An advantage of option (b) is that symbol 5 and symbol 6 can also be configured as GP and UL control under the case that slots of 7-symbol are adopted for lower SCS (e.g., 15kHz, 30kHz).


Figure 3: Two basic structures for mapping SS blocks to slot
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In Figure 4 and Figure 5 we show some examples on forming an SS burst. Taking 120kHz SCS as an example, there are four slots located in an 0.5ms SS burst. Comparing the above two options, option (a) can provide more SS block potential positions in unit time. For supporting the same number of SS blocks, fewer slots of normal data transmission will be affected in option (a). For option (b), there will be an equal time interval between two SS blocks, i.e. 7 symbols offset for both intra-slot blocks and inter-slot blocks. It is easier for UE to combine signal/channel between two SS blocks. While the next SS block with different potential positions must be assumed by an UE due to different time offset between two SS blocks for option (a), i.e. 4 symbols offset for intra-slot blocks and 6 symbols offset for inter-slot blocks.


Figure 4: SS burst structure for option (a)


Figure 5: SS burst structure for option (b)
Proposal 6: The following two options can be further considered for mapping SS blocks to SS burst: 
Option (a):
1. the first two symbols are fixed reserved for DL control domain or mini-slot transmission.
1. three nominal SS blocks are mapping to the remaining twelve symbols continuously.
1. [bookmark: OLE_LINK17][bookmark: OLE_LINK18]whether actually transmitting the last SS block in each slot is determined flexibly.
1. a discontinuous SS burst can be achieved by connecting several slots with the same manner of SS block mapping .
Option (b):
1. an equal time interval between two nominal SS blocks within SS burst, i.e. 7 symbols offset for both intra-slot blocks and inter-slot blocks.
1. the first symbol, the last two symbols and the three symbols between two SS blocks within SS burst are fixed reserved for GP and UL control domain or DL control domain or mini-slot transmission.
1. a discontinuous SS burst can be achieved by connecting several slots with the same manner of SS block mapping .

5. Mapping SS bursts to SS burst Set
5.1 Localized or distributed SS bursts


Figure 6: Localized and distributed SS bursts
Figure 6 show two typical ways for doing the mapping of SS bursts to an SS burst set, namely Localized SS bursts and distributed SS bursts. 
For localized configuration, SS blocks are located at a relative small window. This means that for UEs in non-standalone deployment or idle/connected mode there can an efficient implementation leading to energy savings. However, during initial access the same energy saving cannot be achieved as the UE need has no timing information and cannot utilize that the SS blocks are localized close in time.. 
The localized configuration of the SS blocks will result a long gap in downlink and/or uplink data transmission especially for delay sensitive traffic. Based on the above drawbacks for the localized configuration we make the following proposal:
Proposal 7: NR should support distributed manner for mapping SS bursts to SS burst set.
5.2 Duration of SS burst
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]As agreed in the former meetings, the long CP will be located in the first symbol (red symbol as shown in figure 7) after each 0.5ms boundary no matter what SCS is used. This unequal length of the CP will give some implications in the case that the UE will combine SS blocks in order to improve the detection performance. As an example, if the UE will combine SS block 0 and 1 then there is a time difference of three OFDM symbols + three times the normal CP length. But, if the UE will combing SS block 1 and 2, then the time difference is three OFDM symbols + two times the normal CP length + the length of the CP for the first symbol (marked in red). During initial access the UE have no timing information and would need to make a rather complex implementation to handle the different timing between SS blocks. This could be avoided if the SS burst is set to maximum 0.5ms. In that case, the timing would be the same between each SS block in a SS burst. 


Figure 7: Different time offset between two SS blocks
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK8]Proposal 8: It is benefit for combination of signal/channel during initial access to limit the duration of SS burst to no longer than 0.5ms.

6. [bookmark: OLE_LINK50]Indication of actual transmitted SS block positions
During RAN1#88 the following issues were raised for further study[5]: 
Agreements:
· 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)
During RAN1#88bis the following agreement on number of SS blocks was reached[1]: 
Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]
For informing positions of the actual transmitted SS blocks, a direct way is to use a bitmap for each SS block. As the agreement above, the maximum number of SS block indices will be 64 for above 6 GHz, which means 64 bits would be required.. Figure 8 gives an example for supporting 64 SS blocks by option (b) structure, assuming that a 240kHz SCS is used. This is a large signaling overhead. Another way is informing the number(X) of actual transmitted SS blocks, and defining the mapping order of each SS block. The actual transmitted SS blocks will be located at the first X of nominal SS blocks with the front to back mapping order. Apparently, the signaling overhead can be reduced, but flexibility of configuration will be restricted.


Figure 8: Example of SS burst set structure under option (b)
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Based on the analysis of the SS burst set structure in the previous chapter, nominal SS blocks are mapped to symbols with different specific purpose. Some symbols are used for UL control with certain timing relationship or other fixed reserved resource. For example, the second SS block in each slot may be affected by inserting UL control after him as requirement of GP. For a nominal SS block mapping to such symbols, whether it is actually transmitted depending mainly on current requirement of UL feedback timing, which means complete flexibility needed to be guaranteed for indicating transmission state of such SS blocks. So bitmap seems to be a reasonable scheme. Meanwhile, other symbols are used for data transmission. It can be restricted for mapping from front to back. So the number of such SS blocks is enough for indicating whether actual transmission of such SS blocks. 
Proposal 9: SS blocks can be divided into two categories, and bitmap and number based scheme can be considered for informing actual transmitted positions of two categories SS blocks respectively. 
7. Conclusions
The following was proposed above:
Proposal 1: ‘always on’ CSI-RS in SS block should be avoided.
· during initial access, CSI-RS can be triggered by preamble
Proposal 2: NR should support CSI-RS in SS block
· CSI-RS in SS block should share the same design (e.g. pattern) as CSI-RS transmitted in other slot/subframe
· SS block should have a common structure no matter if CSI-RS is transmitted in it
· CSI-RS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols
Proposal 3: Frequency multiplexed DL control/data transmission in SS blocks is supported. 
Proposal 4: For a given frequency band, structure of SS burst set is predefined as follows:
· an SS burst set comprises a fixed number (N) of nominal SS bursts, the nominal SS burst location within the SS burst set is fixed (e.g. per 5ms) 
· an SS burst comprises a fixed number (L) of nominal SS blocks and the maximum SS burst duration is fixed 
· an SS burst set comprises a fixed number (N*L) of nominal SS blocks
· the nominal SS blocks are indexed according to such fixed number of nominal SS blocks regardless of whether SS blocks are actually transmitted
· the actual number of SS bursts and the actual number of SS blocks in one SS burst are configurable
· the actual number of SS blocks in different SS burst can be different
· the actual SS blocks transmitted by gNB are a subset of nominal SS blocks
Proposal 5: NR should support mapping of SS blocks to SS burst in a distributed manner by reserving UC and DC symbols between two neighbour SS blocks. 
Proposal 6: The following two options can be further considered for mapping SS blocks to SS burst: 
Option (a):
1. the first two symbols are fixed reserved for DL control domain or mini-slot transmission.
1. three nominal SS blocks are mapping to the remaining twelve symbols continuously.
1. whether actually transmitting the last SS block in each slot is determined flexibly.
1. a discontinuous SS burst can be achieved by connecting several slots with the same manner of SS block mapping .
Option (b):
1. an equal time interval between two nominal SS blocks within SS burst, i.e. 7 symbols offset for both intra-slot blocks and inter-slot blocks.
1. the first symbol, the last two symbols and the three symbols between two SS blocks within SS burst are fixed reserved for GP and UL control domain or DL control domain or mini-slot transmission.
1. a discontinuous SS burst can be achieved by connecting several slots with the same manner of SS block mapping .
Proposal 7: NR should support distributed SS bursts mapping to SS burst set.
Proposal 8: It is benefit for combination of signal/channel during initial access to limit the duration of SS burst to no longer than 0.5ms.
Proposal 9: SS blocks can be divided into two categories, and bitmap and number based scheme can be considered for informing actual transmitted positions of two categories SS blocks respectively. 
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