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Introduction
In RAN1-AH-NR, the followings are agreed on SS periodicity related issues. 
Agreements:
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:
· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· Note that final set of frequency categories may include more than the above two categories
· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:
· UE IDLE mode and initial cell search power consumption and latency
· Including single/multi-beam operation at Tx and Rx
· NW power consumption
· Inter-RAT/Inter-frequency measurement 
· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments
· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs
· NW synchronization requirements/assumptions

This contribution discusses the issues identified related to SS periodicity, and proposes potential solutions. 
Discussions
One potential method to reduce network power consumption is to specify a long default periodicity for initial cell selection, e.g., 80ms. One issue is that it could result in long latency in UE’s detecting cell initially and decoding PBCH, when power accumulation is necessary. Another issue is related to the idle mode operation. If the periodicity update is cell specific, the UE needs to assume the long default periodicity for cell measurement after waking up from IDLE mode DRx sleeping (e.g., to receive paging). This requires UE to listen to the idle mode SS much longer than currently allowed duration in LTE (typically 6msec); and is likely to drain UE power quicker, and should be avoided. Still other issue is involved with UE Rx beam sweeping. When UE adopts Rx beam sweeping, UE may need to try multiple Rx beams in a number of SS burst sets to find out the best Tx/Rx beam pair for RACH process. If the default periodicity is long, the RACH beam selection will also take longer time. Moreover, in idle mode, UE needs to be awake very long time to select appropriate Rx beam that is used for receiving paging message. This would occur severe power consumption in UE side. If this time duration is too long, UE Rx beam can be changed during that period and may also give impact on the performance of paging reception.

Observation 1: Specifying long default periodicity for initial cell selection may result in two side effects at the UE:
· Issue 1: High power consumption in IDLE mode
· Issue 2: High SI acquisition & high RACH beam association latency
· Issue 3: Outdated Rx beams due to long latency

Power Consumption Issue
Issue 1 may be addressed if UE is allowed to make an assumption that the network is at least coarsely synchronized, e.g., in frame and/or slot level and/or OFDM symbol level. In such a case, UE may briefly measure SS/RS in a relatively short time window corresponding to one SS burst set duration and the UE may go back to sleep; and then the UE may turn back on to measure the RS/SS in the next instances of the same SS blocks according the default periodicity. This may be able to partially resolve the UE power consumption issue, if the maximum measurement time window size (W msec) to measure the SS blocks is much shorter than the default SS burst set periodicity (Y msec).
This does not seem to be a spec-free solution, as LTE assumption was that the cells are not necessarily synchronized. A simplest way to specify this could be just to specify a UE assumption on the maximum measurement window size and definition of the measurement window, so that the UE is not expected to measure outside the measurement window; the maximum measurement window size (W) can be specified to be the same as the maximum SS burst set duration, and UE is not expected measure SS/RS W msec after the detection of one SS block. In this case, UE receiver in IDLE mode needs to be on for W/Y fraction of the time. This is illustrated in Figure 1. 
However, coverage-limited UEs and UEs with Rx beam sweeping may have to process multiple PBCHs across repeated SS blocks with the long SS burst set period to decode the MIB; this increases the latency for the UE to acquire SI. This latency issue (Issue 2) does not seem to be resolved by the short measurement window. 

Observation 2: Specifying a measurement window may mitigate the UE power consumption issue, but does not necessarily resolve SI decoding latency issue. 



Figure 1. SS measurement window

Latency Issue
The SI decoding latency issue occurs because of the long periodicity of the individual SS blocks. 
There are at least two alternatives being considered for an SS block composition. In one alternative (Alt 1), an SS block includes PSS/SSS, TSS and PBCH. In another alternative (Alt 2), an SS block includes PSS/SSS and PBCH. These SS-block signals have different time variability, and PBCH variability may also dependent upon which alternative is chosen. 
· PSS/SSS: cell-specific and is expected to be static (i.e., no change over time). Hence, UE shall be allowed to detect at least part of the physical cell ID from PSS/SSS with combining energy across SS blocks in each SS burst set, and also across SS burst sets. If UE has multi-path and the beam sweeping happens such that the UE can collect energy from multiple SS blocks, the UE may be able to detect physical cell ID reliably even within the SS burst set. In some cases, UE may only be able to collect energy from a single SS block in each SS burst set (e.g., because the link channel is LOS); then the UE may still need to collect energy from multiple SS burst sets. 
· PBCH: cell-specific and the contents may or may not change within a PBCH decoding window, dependent upon exact design and alternatives. 
· In one class of options, PBCH payload includes timing information (i.e., slot and symbol index), and different SS blocks contain different PBCH contents. In these cases, it does not seem to be possible for UE to decode MIB utilizing the received PBCHs on different SS blocks in an SS burst set, and this seems to be worst, in terms of PBCH decoding latency. 
· In the other class of options, PBCH payload does not include timing information. In such a case, UE may utilize multiple PBCHs received on different SS blocks comprising an SS burst set, to decode MIB. In this case, the MIB decoding latency can be characterized similarly to the PSS/SSS detection latency; however, depending on the operating SNRs of PBCH and PSS/SSS, the latency issues of acquiring MIB could be severer or milder than acquiring the physical cell ID. 
· TSS: if TSS introduced to indicate OFDM symbol and slot timing, it is expected that the signal will change over SS blocks comprising an SS burst set, and it will be periodically recurring with periodicity of the SS burst set period. Hence, it would be desirable to make TSS more reliable than the other signals that can be combined in each SS burst set. However, for coverage-limited UEs, it is still expected that the UE may have to decode the timing from multiple copies of TSS periodically recurring across multiple SS burst sets. 
Observation 3: Although signal combining across multiple SS blocks within an SS burst set is possible, the system design will need to address worst cases for the decoding latency, in which UE has to rely on multiple copies of signals transmitted across SS burst sets. 

When UE in IDLE or CONNECTED is informed by the network with a shorter SS burst set periodicity, the latency problems can be mitigated to some extent. The UE may be informed in serving cell’s MIB or SIB or RRC signalling of an updated periodicity of the serving cell, but the UE also needs to be informed by the network on the updated periodicity of neighbour cells, to efficiently perform PCID detection, SI decoding, and connected-mode RRM measurements of the neighbour cells. This neighbour cells’ information may be conveyed to the UE via serving cell’s SIB or RRC signalling or neighbour cell’s MIB. Among these options, the option of neighbour cell’s MIB signalling may not be a valid solution as UE needs to know the updated periodicity of neighbour cells before decoding the neighbour cell’s MIB. SIB signalling from the serving cell (preferably remaining minimum system information on 2nd broadcast channel or on PDSCH, rather than other SI in order to also help IDLE UEs decoding latency) may be feasible and desirable if UE is allowed to make a simple assumption that the updated periodicity is applicable to all the cells. 
The SS blocks in the additional SS burst sets mapped between the two consecutive default SS burst sets according to the updated periodicity configuration needs to be self-decodable, and also should be able to be combined for detection/decoding in order to allow more robust detection/decoding of PCID, SI and timing information. According to the analysis in Section 3, it seems that the UE can utilize the additional PSS/SSS/TSS together with the updated periodicity without any issues, as the signals will be the same across repetitions recurring with default/configured periodicity. On the other hand, as for PBCH, a special attention may be paid to verify whether there are any potential impacts on the PBCH coding, scrambling, or CRC appending methods with regards to the newly added PBCH. 

First of all, the aspects related to the default transmitted PBCH are investigated. In the worst case (e.g., LOS but coverage limited), UE will be able to use only X PBCHs containing the same MIB contents across X SS burst sets transmitted with the default periodicity P frames. The value X can be designed to satisfy e.g., LTE PBCH coding rate, with considering the number of REs in each SS block. Then, PBCH decoding window size is determined as XP frames. In the legacy LTE, these X PBCHs are transmitted with X different redundancy versions (RV). The same mechanism may be able to be reused in NR. A long coded bit sequence is generated for the MIB, so that the bit sequence can be mapped in the total number of REs available with the X transmissions; each PBCH transmission can still be made to be self-decodable. In the UE perspective, UE tries X different RV hypothesis in MIB decoding, and the RV will give the LSB of the SFN (system frame number) information. For example, if X = 4, and if the UE identifies an SS block conveys PBCH with RVs #1, #2, #3 and #4, then the UE can identify that the SS block is transmitted in SFNs , respectively. The partial SFN information (MSBs) corresponding to n can be made to be common across all the PBCHs transmitted in the same PBCH decoding window, and can be transported explicitly by the MIB. The default burst set transmissions are illustrated in Figure 2. In this case, SFN indication can be done by a combination of:
(1) an RV of the channel code (X hypothesis) and; 
(2) an explicit indication in MIB (n). 



Figure 2. Default burst set transmissions
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System frame number (SFN) indication when the cells transmit additional SS burst sets
On the other hand, if the specification allows that the additional burst sets can be placed between the two adjacent default sets, the SFN indication method may need to be re-considered. In particular, the frames on which the additional SS blocks are transmitted may not be the same as those frames on which the default SS blocks are transmitted. Figure 3 illustrates an example of the transmitted burst set types and timing. Suppose that the default SS burst set periodicity is PD = 8, and an updated periodicity is PU = 2. 
From the perspective of the UE who is performing initial cell selection, if the UE firstly detect one SS block in a default burst set (illustrated as UE 1 in Figure 3), then the UE will try to decode the next occasion of the same SS block also in a default burst set occurring in PD frames. The UE can identify the SFN from the RV and the MIB as if the transmission is according cell 1 in the figure. Suppose now that the UE firstly decode one SS block in an additional burst set, which is illustrated as UE 2 in Figure 3. If the SS blocks in the additional burst set conveys identical signals as the default burst set just preceding the additional burst set, the UE may end up with a wrong frame timing. The UE may falsely find that the frame timing of additional burst set is nXPD, although the actual frame timing is nXPD+PU. In order not to make this mistake, the UE may need to apply blind decoding with multiple hypotheses on whether or additional burst sets exist in each nearby serving cell (illustrated as UE X in Figure 3). This seems to increase UE complexity and power consumption. 
On the other hand, IDLE mode UE who are informed with the updated periodicity should be able to quickly decode system information with exploiting the shorter periodicity. If SS blocks in the additional burst set conveys identical signals as the default burst set just preceding the additional burst set, the UE shall be able to coherently combine multiple PBCH signals across default and additional burst sets to decode MIB (and also SFN). In particular, if the start timing of the measurement window (described in Section 3) can be configured in such a way that a default burst set always precedes additional burst sets in each measurement window, then the UE does not need to blindly find the frame boundary around which different RVs shall apply for the PBCH coding. Such a UE behaviour is illustrated as UE Y in Figure 3. 


Figure 3 PBCH RVs, default & additional SS burst sets and measurement window

Alternatively, to resolve the SFN identification issue at initial cell search, it can also be considered that each SS block in a burst set conveys information on which SS burst set it belongs to. The “burst set identification” may be used to indicate an offset to the SFN corresponding to the default SS burst set. It is likely that the possible numbers of additional burst sets that can be inserted between two adjacent default burst sets are small (e.g., up to 2 or 4). In such a case, this information may be carried by (1) allowing additional RVs for the PBCH coding, or (2) via TSS. 
Observation 4: If the signals in an additional SS burst set are the same as those in a just-preceding default SS burst set, UEs conducting initial cell selection may need to increase measurement window size to find the SFN correctly, which is likely to increase UE power consumption. 
Observation 5: Configuration of updated periodicity may help UE to reduce SI acquisition latency, but special consideration may be necessary to make sure that the UE can acquire SFN without relying on blind decoding on multiple hypotheses regarding default and updated periodicities of serving and neighbour cells. 

Conclusion
This contribution has examined impacts of the long default SS burst set periodicity and made the following observations. 
Observation 1: Specifying long default periodicity for initial cell selection may result in two side effects at the UE:
· Issue 1: High power consumption in IDLE mode
· Issue 2: High SI acquisition & high RACH beam association latency
Observation 2: Specifying a measurement window may mitigate the UE power consumption issue, but does not necessarily resolve SI decoding latency issue. 
Observation 3: Although signal combining across multiple SS blocks within each SS burst set is possible, the system design will need to address worst cases for the decoding latency, in which UE has to rely on multiple copies of signals transmitted across SS burst sets. 
Observation 4: If the signals in an additional SS burst set are the same as those in a just-preceding default SS burst set, UEs conducting initial cell selection may need to increase measurement window size to find the SFN correctly, which is likely to increase UE power consumption. 
Observation 5: Configuration of updated periodicity may help UE to reduce SI acquisition latency, but special consideration may be necessary to make sure that the UE can acquire SFN without relying on blind decoding on multiple hypotheses regarding default and updated periodicities of serving and neighbour cells. 

Given these observations, it seems that the latency problem cannot easily be resolved, although power consumption problem may be resolved if network synchronization is specified. Hence it is proposed to take a short default periodicity for UE power saving and also UE SI decoding & RRM measurement latency management as in the following. 
Proposals:
· Default SS burst set periodicity should be 10 msec.
· [bookmark: _GoBack]SS burst set duration shall be same or shorter than 5 msec. 
· The network synchronization shall be mandated in the spec.
· A short-duration UE SS measurement window needs to be introduced.
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