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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed [1]. The work item targets to develop and specify the functionalities for eMBB opertation as well as support the URLLC type of operation. 
In this contribution we continued the discussion related to the SS block index.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	On supported number of SS blocks
The number maximum number of SS-blocks in a SS burst set was discussed in RAN1 meeting #88bis and following agreement was reached:
	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]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded




When considering the maximum number of SS blocks for deploeyments below 6GHz frequency bands two example scenarios can be considered. One considered NR deployment scenario is to deploy 3.5-3.8 GHz band by re-using existing sites deployed at 1.8 GHz band to provide an additional capacity layer. Based on path loss models in [2], path loss difference both in RMa and UMa NLoS scenarios is around 5.8-6.5 dB and in UMi NLoS scenario around 6.2-6.9 dB. 
In downlink higher required EIRP can be compensated by having PAs with higher output power. On the other hand, typically achievable PA output powers and efficiency tend to decrease as a function of carrier frequency and secondly larger PAs at gNB don’t compensate the increased pathloss in uplink. It is to be noted that UE’s maximum EIRP will remain the same independent of carrier frequency. Thus, maybe more feasible approach is to compensate the increased pathloss by larger array gain.
Observation: To be able to deploy system at 3.5-3.8 GHz using the same sites as at 1.8 GHz, >6 dB larger array gain would be needed at least to remain the uplink coverage the same.
Observation: Typically achievable PA output power and efficiency tend to decrease as a function of carrier frequency.
Around 6-9 dB larger array gain is achieved by 4x-8x larger array size in terms of number of antenna elements/radiators. That can be achieved by 2x-4x increasing number of antenna elements in one dimension and 2x increasing antenna elements in the other dimension. That would mean then correspondingly ½ - ¼ of the beamwidth in the first dimension and ½ of the beamwidth in the second dimension. Then, in order to cover the same spatial domain aperture at gNB, at least 4-8 beams would be needed.
Proposal: For frequency range from 3GHz to 6 GHz, the maximum number of transmitted SS-blocks, L, within SS burst set is 8.
Then considering above 6 GHz carrier frequencies, we follow analysis in [6] and calculate the required number of SS blocks based on required EIRP and assumed PA technology and array architecture. A few differences to assumptions compared to [6] are considered:
· Because of relatively long SS block in time domain, one should assume that there can be other downlink signals transmitted in FDM manner with SS block (given with the constraint that the multiplexed downlink signals may need to be transmitted to the same direction as SS block when using hybrid/analog transceiver architecture)
· We assume flat PSD and carrier bandwidth of 100 PRBs and NR-PBCH allocation 24 PRBs
· If UE operates using more narrow beam than omni-beam there is loss in total beamforming gain in NLoS situation. We assume 6 dB loss compared to ideal beamforming gain
Table 1. Required total TX EIRP for UMi NLoS channel condition
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It’s further assumed SiGe and CMOS based PA technologies are feasible in 30-52.6 GHz carrier frequency due to size constraints, power consumption and integration capabilities. Referring to [5], we consider 19 and 13 dBm as maximum P1dB for SiGe and CMOS PA, respectively.
Then achieving the required EIRP calculated above we calculate the number of antenna elements required per PA technology:
Table 2 Required number of antenna elements to achieve 64 dBM EIRP.
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Considering then dimensioning of array and options to have 16, 24 and 32 elements per dimension the required array sizes would be 16x24 for SiGe and 24x32 for CMOS. 
Table 3 Number of elements and 3dB beamwidths
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Finally calculating the number of required beams to cover e.g. 120x30 degree spatial domain aperture we can note that L should be at least 64.
Table 4 Number of beams for covering 120x30 degree spatial domain aperture.
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Proposal: Support atleast L=64 for above 6 GHz.
Proposal: It is proposed to confirm following numbers for the maximum number of SS Blocks (in a SS burst set), L, for different frequency range categories as follows:
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is 4
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is 8
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is 64
 

3	SS block index indication 
The following agreement was made in RAN1#AH1_NR [3]:
	R1-1701530	WF on SS-block Index Indication	Huawei, HiSilicon, NTT DOCOMO, ZTE, ZTE Microelectronics, Sierra Wireless, Samsung, CATT, InterDigital, Nokia, ASB, Intel, Ericsson
· 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.



Furhtermore in RAN1#88bis it was agreed that the SS block index will be carried by PBCH, assuming that the RAN2 mobility related agreements can be met.
In relation to mobility measurements and SS-block it has been agreed also in RAN1 NR AH held in January (below), that RSRP can be measured from the IDLE mode RS (where IDLE mode RS is at least the NR-SSS) per SS-block. 

	Agreement:
· RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility



RAN2 has considered that UE needs to provide the ‘SS Block identifier’ In order to determine the SS-block specific RSRP, and especially when the “SS-block-RSRP” may refer to “beam quality” it would seem necessary to be able to link the measurement to a specific SS block to be beneficial for mobility purposes. Hence the UE would need to be able to associate the measured “SS-block-RSRP” with a SS block time index. When this measurement is reported to the network could then use this known association to decide further actions. For example if additional measurements are desired for some purpose network could configure those measurements and corresponding RS to be sent from right beams/TRPs. [7]. 

Observation: To facilitate the use “SS-block-RSRP” measurements for mobility purposes it would need to be linked with SS-block index 

As it has been agreed that for each frequency band one fixed pattern of possible SS-block time locations is defined and that practical length of said pattern could be limited for example to 10ms to simplify the UE measurements and allow sufficient tolerance from network perspective [4], it would seem most straight forward that the SS-block time index is determined in logical manner. Thus SS-block index carried in the SS-block would inform the location of said SS-block inside the frequency band specific location pattern. So once UE knows the index of a SS-block, it can based on the known pattern determine symbol and slot timing. Furhermore by agreed that the start of possible SS-block time location pattern is always aligned with the radio frame (of 10ms), the timing association to radio frame can also be obtained at a same time.

Proposal: Combined with known SS-block time location pattern (per frequency band) and aligment of that pattern start with radio frame, logical SS-block location index can be used to convey the SS-block time index and frame timing.

To enable the UE obtain the SS-block index in a reliable manner, and consistenly in different scenarios, for the RSRP reporting purposes, the method carrying the SS-block time index indication should be such that UE’s can easily obtain it when doing for example neighbour cell measurements. In RAN1#88 we proposed (in [6]) split the SS-block time index indication in two parts; to SS-burst index indication conveyed by the NR-SSS and to SS-block index conveyed by additional signal (e.g. NR-TSS). In following meetings last meeting a working assumption was made that NR-PSS/SSS would need to carry about 1000 hypotheses for NR physical cell ID. In RAN1#88bis, an agreement was made that the SS block time index indication would be carried on NR-PBCH, with the assumption that this should not contradict the RAN2 related mobility agreements. 

Now as discussed in [4] in order to support sufficient flexibility for the multiplexing for SS-blocks in different kind of deployments, NR should support large number of locations. Advantage of this is to allow interleaving SS block transmissions among neighboring gNBs/cells for ICIC purpose and also to support self-backhauling measurements where one gNB should be able to measure the other gNBs’ SS blocks. In general, it can be argued that there are no good reasoning not to allow the possible locations in SS-block pattern be larger than L, where L is the maximum number of SS-blocks in a SS-burst set. Assuming e.g. a 10 ms measurement window for SS burst set, the number of possible SS block locations within 10 ms can be larger than L, like shown in [4]. If we assume for example that at maximum 128 individual locations (2 times overprovisioning of the maximum number of SS-blocks in SS burst set), the SS-Block index indication should be able to provide as many indexes (7bits). Based on the agreement made in the last meeting following different options could be consider;
· SS-block index indication, or part of it, is carrier explicitely on NR-PBCH i.e. as a part of payload
· SS-block index indication, or part of it, is carried implicitely on NR-PBCH e.g. via endcoding


Now like discussed, the use of explicit indication on NR-PBCH that is adjusted on every SS-block would prevent soft-combining of NR-PBCH within a SS burst set. Like shown in [9] the one-shot performance of the NR-PBCH is slightly below 5% at SNR of -6dB, and it is not yet clear whether the considered channel conding schemes (LPDC and Polar) would provide sufficient improvement to the one-shot performance, and it therefore could be useful to consider the soft-combining. Naturally the feasibility of soft-combining depends also on the hearability of multiple SS-blocks (sent to different beams), but like agreed in last RAN1 meeting it would seem beneficial to consider that at least some level of soft-combining would be supported, e.g. by having the some of the LSB’s of the SS-block index indication provided outside NR-PBCH payload. 
Observation: Unless one-shot performance of NR-PBCH can be made to reliable enough, it would be good to support some level of soft combining within SS burst set.
Related to implicit indication through channel coding, it’s very much depending on the channel coding design to be chosen for NR-PBCH. The merits of the implicit indication in terms of soft-combining are not clear, and depend on the considered coding scheme and also on the required signalling space. As decision about channel coding has not been made, it’s too early to decide on feasibility implicit signalling. 
Observation: Feasibility and merits of the implicit indication depends heavily on the NR-PBCH channel coding, and therefore it is premature to conclude on it.
Now as there are different caveats in both methods that relie directly on the NR-PBCH, it could be considered some complementary or additional methods to either augument the scheme on top of NR-PBCH or replace it if seen beneficial. 
As discussed in [8] the SSS design could be used to convey one index to identify the SS-block location in the pattern. It would preferred that this would inform the location of the SS block in the SS burst (if only 2 blocks per burst) or more simply if the index of the SS-block is even or uneven (LSB), like shown in Figure 1. This would allow more flexiple partition of the locations. E.g. if the SSS conveyed index would be used to inform some higher level time association, this could lead to less flexiple location indexing. 
In addition as discussed in [9] and proposed in [10] the DMRS sequence of PBCH could be used to carry completely or part of the SS-block time index indication. In [9] we have presented results with preliminary DMRS sequence design. We have assumed a length-192 pseudo-random sequence initialized using a PCID based on NR-PSS and NR-SSS, where part of SS-block location index determines the frequency domain cyclic shift. In these evaluations we have assumed 32 (5 bits) separate indexes to be provided by the cyclic shifts. Note that two different options has been considered. Wideband (WB) case where UE uses the ful DMRS bandwidth of NB-PBCH (i.e. 24 PRB) and narrowband (NB) case where UE uses only the middle 12 PRBs, corresponding to the PSS/SSS bandwidth. This option was evaluated to understand if the UE would be able for example for neigbouring cell measurement purposes to obtain the SS-block timing index at least partially, possibly removing the need to decode the NR-PBCH.
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Figure 1. Illustration of SS-block time index indication method

Carrying at least part of the SS block time indexes outside the NR-PBCH could be used to enable some level of soft-combining within the SS burst set and reduce the need to decode the NR-PBCH. It can be understood that if network is well synchronised, like typically assumed in TDD deployments, once UE has obtained the minimum system information from one cell could assume synchorisation. In frame level synchronisation is assumed, and the possible locations of SS block time locations is related to radio frame UE could based on the serving cell timing knowledge determine the SS block timing index of neighbouring cell. In scenarios where network deployment would allow only relatively loose synchronisation can reliably assume limited level of synchronisation between cells, the serving cell timing could not be fully relied. If at least part of the SS block time index information is carried outside the NR-PBCH, and it provides sufficient range to reduce the ambiquity of the possible SS block locations, UE would be able to determine based on the full timing information available from serving cell and the partial SS block location index information obtained from the neighbour cell the excat timing of the detected cells SS block index. Based on the partitioned SS block indexing provided by different signals, there would be unambiquity range for the detected cells SS blocks and if the network can be assumed to be syncrhonised within this window UE can determine the SS block index unabmiquously. . E.g. like illustrated in Figure 2, the total SS block index range would cover the range A (blue) and range B (red), the division provided for example by NR-PBCH. The sub-granularity within in each partial range could be, like discussed above be provided by NR-SSS and DMRS sequence indixes. Then as long as the network syncrhosation can be quaranteed to be within this range UE could determine the excat SS block index without decoding the NR-BPCH. 
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Figure 2. Illustration of SS-block time index range



Observation: Depending on the network synchronisation level, with partitioned SS block time index indication, UE could determine the SS block index of neigbourign cell without obtaining the full SS block index
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Like discussed in previous conNR system is expected to operate using single-beam and multi-beam operation, in scenarios below and above 6 GHz, in licensed and (forward compatible) un-licensed mode. In single-beam approach the cell would transmit synch signals via sector wide beams once in the given periodicity. Furthermore, it is considered that in single-beam mode coverage enhancement should be supported meaning that the synch signals should be able to be transmitted in repetition manner. In multi-beam operation the cell (may consists of multiple TRPs similarly as in single beam case) transmits synch signals in beam sweeping manner. Furthermore, in beam sweeping operation, repetition may be applied upon for further coverage enhancements that e.g. sync signals transmitted to certain direction per sweep block is repeated to the same direction in the next sweep block. Thus, design target should be to construct synchronization signals and related procedures so that search performed by the UE would be as agnostic as possible, i.e. targeting at unified solution for the following possible BS operating modes:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
The adopted solutions should allow use of uniform design and a generic UE behaviour while also enable the network to repeat synchronization signals for improving the UE cell detection probability. It would be preferable if a method would be introduced that would enable devices to use the possible additional synch signals sent by the network without requiring the UEs to have a priori information regarding the beam configuration and operating mode: single-beam or multi-beam. It should be also noted that this does not prohibit network transmitting synchronization signals in SFN manner in multi-TRP operation especially when single-beam provisioning of the synchronization signals is used. As given SS-block would be transmitted in SFN manner, the operation would be transparent to the UE and would be fully a network implementation options.

To support different support indicating UE to know whether it can combine detected synchronization signal with previous one in previous symbol (e.g. in repetition and multi-beam repetition case), the singal carrying the signal conveying the SS-block index could convey for example additional one bit indication whether or not repetition is used. 

Proposal: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the signals of the previous SS block.
5	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed the SS block index related aspects based on the agreements made in the last meeting. In Section 2 we continue the discussion related to the number of SS blocks in SS burst set and make following observations and proposals:-
Observation: To be able to deploy system at 3.5-3.8 GHz using the same sites as at 1.8 GHz, >6 dB larger array gain would be needed at least to remain the uplink coverage the same.
Observation: Typically achievable PA output power and efficiency tend to decrease as a function of carrier frequency.
Proposal: For frequency range from 3GHz to 6 GHz, the maximum number of transmitted SS-blocks, L, within SS burst set is 8.
Proposal: Support atleast L=64 for above 6 GHz.
Proposal: It is proposed to confirm following numbers for the maximum number of SS Blocks (in a SS burst set), L, for different frequency range categories as follows:
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is 4
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is 8
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is 64
In Section 3 we look at the SS block index indication and draw following observations and proposals:-
Observation: To facilitate the use “SS-block-RSRP” measurements for mobility purposes it would need to be linked with SS-block index 

Proposal: Combined with known SS-block time location pattern (per frequency band) and aligment of that pattern start with radio frame, logical SS-block location index can be used to convey the SS-block time index and frame timing.

Observation: Unless one-shot performance of NR-PBCH can be made to reliable enough, it would be good to support some level of soft combining within SS burst set.
Observation: Feasibility and merits of the implicit indication depends heavily on the NR-PBCH channel coding, and therefore it is premature to conclude on it.
Observation: Depending on the network synchronisation level, with partitioned SS block time index indication, UE could determine the SS block index of neigbourign cell without obtaining the full SS block index
Proposal: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the signals of the previous SS block.
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Annex A. DMRS based SS-block index



Add convincing results here….
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UMiNLoS + FDM PBCH with other DL signals assuming flat PSD and 100 PRB system bandwidth

(a) Frequency band GHz

(b) Coverage requirements m

(c) Noise figure at UE dB

(d) PBCH BW Hz 34560000 69120000 34560000 69120000

(e) Pathloss dB

(f) Shadow fading margin dB

(g) Beam mismatch loss dB

(h) Loss in beamforming due to NLoS dB

(i) Noise power dBm -85,61426266 -82,60396271 -85,61426266 -82,60396271

(j) Required SINR dB

(k) Implementation margin dB

(l) Required rx sensitivity dBm -89,61426266 -86,60396271 -89,61426266 -86,60396271

(m) RX antenna gain dBi

(n) Required TX EIRP for PBCH dBm 52,67477891 55,68507887 55,335974 58,34627396

(o) Required TX EIRP for 100 PRB dBm 58,67477891 61,68507887 61,335974 64,34627396
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(a) PA technology SiGe CMOS

(b) EIRP target [dBm] 64 64

(c)  Element gain [dBi] 6 6

(d) P1dB [dBm] 19 13

(e)  Backoff [dB] 10 10

(f) Switch loss [dB] 2 2

(g) Num of elements [#]> 355 > 708


