	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 #88	R1-1702901
Athens, Greece 13th - 17th February 2017
[bookmark: Source]Agenda item:	8.1.1.1.2
Source:	Samsung
Title:	SS burst set composition and time index indication
Document for:	Discussion and decision
1 Introduction
In this contribution, we propose the design of SS burst set and time index indication based on the following agreements on RAN1#87:
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.
· The signals included in the SS block are FFS between 
· Alt 1: PSS, SSS and PBCH; and 
· Alt 2: PSS, SSS, TSS and PBCH.
· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.
· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreement:
· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
1 
2 
2 SS burst set composition 
3 
NR system is expected to operate using multi-beam in the above 6GHz scenario. During the stage of initial access, SS blocks are broadcasted to different directions in a beam sweeping way to provide a good cell coverage. The exact number of SS blocks needed for a gNB is related to the cell coverage and sync overhead. For above 6GHz NR, the path loss will increase compared to below 6GHz NR due to the increase of carrier frequency. By composing narrow beams, the path loss can be compensated by the array gain. For example, a 16x16 antenna array with each element distance of a half wavelength and element gain of 6dBi can provide 30dBi gain. However, with a narrower beam, a gNB will need more beams to cover a cell/sector, leading to the increase of time domain resources for synchronization. For example, under the above antenna configuration, at least 16 beams (each beam is corresponding to an SS block) are needed in a gNB to cover the azimuth domain of a cell/sector and a large number of beams are likely to be needed to cover both the azimuth and the elevation domains. To reduce the number of beams/SS blocks, one way is to increase the number of TXRUs of gNBs. If each gNB is configured with multiple TXRUs, the SS block could be transmitted individually to each direction using SFN, i.e., the same signal is transmitted in superposition manner from parallel beams simultaneously in a cell/sector. However, the standards specification should be able to support a case where a TRP is equipped with a small number of TXRUs as well, and hence it is proposed to support sufficiently large number of SS blocks for beam sweeping. 
Proposal 1:  For above 6GHz NR, the design on the maximum number of SS blocks in an SS burst set should consider the cell coverage and sync overhead. The exact maximum number of SS blocks in an SS burst set is FFS.   
    
For above 6GHz NR, similarly to LTE, we will use the terminology of frame, slot and OFDM symbol to describe the timing of SS blocks. A frame consists of several slots and a slot consists of several OFDM symbols. For initial access, the length of a slot is 0.25ms and a frame of length 10ms consists of 40 slots. As we discussed above, the period of SS burst set will last two frames (frame length is 10ms) or 80 slots. Except SS burst set period, SS burst set transmission duration is also a necessary terminology to describe the SS burst set structure. SS burst set transmission duration is defined as the length from the first OFDM symbol of the first SS block in an SS burst set to the last OFDM symbol of the last SS block. When mapping SS blocks into time domain resources, an SS burst set with the same period may have different SS burst set transmission duration as shown in Figure 2. In Figure 2, two different type of mapping SS blocks are shown: 1) all the SS blocks within the SS burst set are mapped consecutively in time domain as in Figure 2(a); 2) all SS blocks are mapped in a distributed way as in Figure 2(b). One advantage of consecutive mapping is that these SS blocks will be transmitted out quickly, i.e., with a short SS burst set transmission duration. This could benefit both UE and network power consumption. However, one drawback of consecutive mapping is that when the number of SS blocks is large, UE may experience long delay (as long as 1.67ms) of UL/DL data transmission. This would have negative impact especially for delay sensitive application. Compared to the consecutive option, the distributed option in Figure 2(b) will not have this long data delay problem. However, under this distributed option, UE will need a long sync window and will consume more power during the sync process. To address this issue, we propose a special mapping structure by which SS blocks are mapped to consecutive slots while in each slot the length of SS burst is shorter than the length of normal slot as depicted in Figure 3. To be specific, all SS blocks will be mapped to N1 consecutive slots within an SS burst set. For each mapped slot, only the N2 consecutive OFDM symbols are selected to convey SS blocks. Note that N2, the length of SS burst, can be shorter than the length of normal slot so that we can multiplex UL and DL data/control. This new designed mapping of SS blocks will have the advantage of reducing both power consumption and data delay. Another advantage of this mapping of SS blocks is that it will avoid the conflict mapping of SS blocks and DL/UL control signals. 


Figure 2, Consecutive and distributed mapping of SS blocks




Figure 3, Examples of proposed SS burst set composition
 
Proposal 2:  For above 6GHz NR, the length of a slot for sync signal is 0.25ms. The set of possible SS block locations of a SS burst set are confined within a frame:
· SS blocks should be mapped to consecutive N1max slots; 
· In each mapped slot, SS blocks are mapped to N2 consecutive OFDM symbols, which is shorter than the length of a slot.
     
As agreed in RAN1#87, a single set of possible SS block time locations is specified per frequency band. However, in different deployment scenarios, different number of SS blocks may be needed to cover the cell. Therefore, in the specification, the maximum number of slots used for SS burst set, i.e., the maximum number of N1, i.e., N1max, should be defined. By default, UE will assume the gNB use N1max slots for SS block transmission. For those gNBs with a large number of TXRUs, only a small number of SS blocks may be transmitted and therefore only part of the selected slots/OFDM symbols are used. Especially, for idle or connected UE, a gNB can inform the UE how may SS blocks are transmitted. To increase or decrease the number of SS blocks, a gNB can either change the number of selected slots N1 or the number of selected OFDM symbols N2, or both. However, OFDM symbols is a more detailed time scale compared to slot and changing N2 will lead to a big change on the SS burst set transmission duration. Therefore, we think, when a gNB tries to change the number of SS blocks, it is better to keep the selected OFDM symbols as a constant, i.e., N2 as a constant, and only use part of the selected slots. A gNB can inform the idle and connected UE of the information of number of slot used for SS block transmission so that these UE can reduce their search window. 

Proposal 3: For above 6GHz NR, UE shall assume that the number of OFDM symbols within a slot for SS block transmission, i.e., N2, is a constant. Additional information on the number of slots that are actually used for SS block transmission, i.e., N1, can be indicated to idle/connected UE.  
3 Time index indication
According to the agreement in RAN1#87, the time index (including OFDM symbol, slot and frame) of an SS block should be indicated to UEs. The time length of OFDM symbol will be much shorter due to the increase of subcarrier spacing. Therefore, a frame of length 10 ms will be enough to convey all SS blocks within an SS burst set. If we always map all the SS blocks to the first frame of an SS burst set (in case an SS burst set occupy more than one frame), we do not need to indicate the frame index of the SS blocks and reduce the amount of information we need to indicate. Furthermore, as the structure of SS blocks (multiplexing of NR-PSS/SSS/TSS) will not change, as long as we detect the location (OFDM symbol) of NR-PSS, we will automatically know the OFDM symbols of NR-SSS/TSS or even PBCH. Therefore, we do not need to indicate the OFDM symbol information. Finally, since all SS blocks are mapped to consecutive slots, there is no need to define SS burst and gNB only need to indicate one-time index for every SS block within an SS burst set. 
   
Proposal 4: For above 6GHz NR, one-time index for every SS block within an SS burst set should be informed to UE. 

The SS block index should be detected by UE during initial access. Since synchronization signal and broadcast channel are transmitted to UE during initial access, the following alternatives can be considered for SS block index indication:  
· Alt 1: NR-PSS or NR-SSS;
· Alt 2: NR-PBCH;
· Alt 3: New type SS, i.e., NR-TSS. 
If this SS block index indication functionality is given to NR-PSS/SSS without allocating additional resources, the symbol boundary detection or cell ID acquisition performance would be degraded due to the increased hypotheses for NR-PSS/SSS detection. In case of using NR-PBCH to convey SS block index, the number of blind decoding would give a big burden to UE in terms of decoding complexity. The reason of considering blind decoding is to enable coherent combining of SS blocks within a SS burst set. For example, in LTE system, UE has to perform maximum 4 times blind decoding to get LSB of the system frame number (2bits). In NR, for example, at least 14 blind decoding would be added to get SS block index. Thus, minimum 56 blind decoding trials should be performed in each PBCH decoding instant. It may cause lots of decoding complexity from UE perspective. Thus, introducing new type of SS is a good solution to minimize impact on SS detection performance and decoding complexity from UE perspective. For the configuration of SS burst set, i.e., the number of selected slots for SS block transmission, there is no need to transmit it by NR-TSS as this information is only of interest to idle/connected UE. gNB can transmit this information using broadcast channel, i.e, NR-PBCH.  


Proposal 5: For above 6GHz NR, new type of SS, i.e., NR-TSS, is introduced to indicate the SS block index within an SS burst set. 


4 Conclusions
This contribution has examined design issues related to NR SS burst set composition and timing index indication, and made the following observations and proposals.
Proposal 1:  For above 6GHz NR, the design on the maximum number of SS blocks in an SS burst set should consider the cell coverage and sync overhead. The exact maximum number of SS blocks in an SS burst set is FFS.   
  
Proposal 2:  For above 6GHz NR, the length of slot for sync signal is 0.25ms. SS blocks should be mapped to consecutive N1 slots in an SS burst set period; In each mapped slot, SS blocks are mapped to N2 consecutive OFDM symbols, which is shorter than the length of normal slot.

Proposal 3: For above 6GHz NR, the number of OFDM symbols within a slot for SS block transmission, i.e., N2, should be fixed. A gNB can only configure the number of consecutive slots used for SS block transmission, i.e., N1. The maximum number of slots for SS block transmission, N1max, should be a known information to all UEs. Additional information on the number of slots for SS block transmission, i.e., N1, should be indicated to idle/connected UE.  

Proposal 4: For above 6GHz NR, one-time index for every SS block within an SS burst set should be informed to UE. 

Proposal 5: For above 6GHz NR, new type of SS, i.e., NR-TSS, is introduced to indicate the SS block index within an SS burst set. The configuration of SS burst set, i.e., the number of selected slots for SS block transmission, can be transmitted in the broadcast channel. 
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