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1 Introduction

In RAN1#86b, the following were agreed [1]:
· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· [Content omitted for brevity]
And, the following was taken a working assumption [1]:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
In this paper, we provide our views on the design of broadcast signal/channel and address some of the study points identified above. 
If not specified, all the signals/channels discussed in this paper are for NR, such as NR-PBCH. The prefix of “NR-” is omitted for brevity. 
2 Design of broadcast signal/channel
We first discuss the functionality, payload and periodicity of broadcast signal/channel. 
2.1 Functionality, payload and periodicity
The broadcast signal/channel is for UEs to detect the presence of NR cell and to obtain information needed for initial access. For multi-beam operation, the broadcast signal/channel needs to be beam swept in the targeted coverage area. To reduce the overhead incurred by beam sweeping, as a baseline, it is suggested to include both of SS (i.e., PSS and SSS) and PBCH in each of SS blocks, where (part of) minimum information necessary for UE to perform initial UL transmission (not limited to PRACH) are provided. In this way, PBCH shares the same periodicity as the SS burse set, and the delay between the detection of SS and PBCH can be reduced/minimized, and if properly designed, SS may serve as DM-RS for PBCH [2]. 
While the specific content in the minimum information necessary for UE to perform initial UL transmission is subject to further discussions, it may include part of the essential system information (SI). For this case, the transmission scheme for SS and essential SI discussed above is illustrated in the upper part of Figure 1, where SS and essential SI are transmitted by always-on beams. The mapping of the essential SI to PBCH and other physical channels needs further study. 
Proposal 1: As a baseline, support PBCH to carry (not necessarily all) minimum information necessary for UE to perform initial UL transmission, and multiplexed with SS in each of the SS blocks.
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Figure 1 Illustration of different transmission schemes for broadcast signal/channel

Except for the baseline configuration, to suit the needs of UEs in both idle and active status while reducing overhead for broadcast signal/channel, a hierarchical transmission scheme for SS and essential SI can also be considered, where the layers of SS blocks may have different periodicities [3].
To be specific, as discussed before, the first layer is the always-on beams for SS and essential SI, but with relatively long periodicity. Based on the counted distribution of active UEs, the network can further allocate additional resources to transmit on-demand SS and essential SI with short periodicity for the beams with high density of UEs, which consists of the second layer of SS blocks, as illustrated in the bottom part of Figure 2. In this layer, the beams where no or limited number of UEs was detected can be turned off, with which the overhead for broadcast signal/channel can reduced compared with the case with increased density for the first layer of SS blocks. 
Proposal 2: Study on-demand transmission of SS and essential system information to reduce the overhead for broadcast signal/channel.
We then proceed to the numerology, bandwidth and multiplexing with other signal/channel.
2.2 Numerology, bandwidth and multiplexing
To enable detection of PBCH based on fixed relationship with PSS/SSS while avoiding increased detection complexity with different subcarrier spacing, it is desirable to adopt the same subcarrier spacing for PBCH and PSS/SSS, leading to the following proposal:
Proposal 3: Apply the same subcarrier spacing for PBCH and PSS/SSS. 

To accommodate UEs with different bandwidth capability while reducing the detection complexity for time/frequency tracking, the bandwidth occupation of PSS/SSS and/or PBCH should be less than the maximum bandwidth of a single carrier. For this reason, we have the following proposal:
Proposal 4: Transmission bandwidth containing PSS/SSS and/or PBCH is not more than 5 and 40 MHz for below 6 GHz and from 6 to 40 GHz, respectively.
With multi-beam operation, in addition to SS and/or PBCH, some control signal also needs to be broadcasted. For example, to find UEs in idle or inactive states, the network needs to send paging at time instances where the UEs will be listening. As the Tx-Rx beam pair may change with time, such control signal needs to be beam swept at predefined/indicated time occasions. To avoid another round of beam sweeping, which will induce increased overhead, it is desirable to include such control signal in the SS blocks. Figure 2 gives two examples on this, where TDM and FDM are both illustrated.
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Figure 2 Illustration of multiplexing of control signal and SS and/or PBCH in a SS block
Proposal 5: For multi-beam operation, support multiplexing of control signal (e.g., paging) and SS and PBCH in SS blocks.
3 Summary of proposals
The proposals in this paper are summarized as follows:
Proposal 1: As a baseline, support PBCH to carry (not necessarily all) minimum information necessary for UE to perform initial UL transmission, and multiplexed with SS in each of the SS blocks.
Proposal 2: Study on-demand transmission of SS and essential system information to reduce the overhead for broadcast signal/channel.
Proposal 3: Apply the same subcarrier spacing for PBCH and PSS/SSS. 

Proposal 4: Transmission bandwidth containing PSS/SSS and/or PBCH is not more than 5 and 40 MHz for below 6 GHz and from 6 to 40 GHz, respectively.
Proposal 5: For multi-beam operation, support multiplexing of control signal (e.g., paging) and SS and PBCH in SS blocks.
4 References

[1] MCC Support, “Draft Report of 3GPP TSG RAN WG1 #86bisbis v0.1.0”, Lisbon, Portugal, October 10 – 14, 2016.

[2] Huawei, HiSilicon, “Unified single/multiple beam operations for initial access”, R1-1611667, Reno, USA, November 14 – 18, 2016.

[3] Huawei, HiSilicon, “Unified on-demand initial access signals transmission for connected and idle UE Mobility”, R1-1611668, Reno, USA, November 14 – 18, 2016.

