Page 1
3GPP TSG RAN WG1 Meeting RAN1 #88														R1-1702181
Athens, Greece 13th - 17th February 2017
Source: 	Intel Corporation 
Title:	NR PBCH Structure
Agenda item:	8.1.1.2.1
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss design aspects of physical broadcast channel (PBCH). More specifically, we focus on the subcarrier spacing and multiplexing aspects of PBCH with other data/control channels, payload size, potential content, and antenna port configurations for PBCH.

2. Payload Size and Content
SFN
System frame number (SFN) is used in several aspects of PHY/MAC layer in LTE. Most notable uses are to derive the timing relationship of additional system information (including SIB1), HARQ process, DRX, SPS, and measurement gap. So PBCH design should take into account the potential bitwidth of SFN.
[bookmark: _GoBack]One aspect of SFN that needs to be consider is the supported wrap around time of SFN. The wider subcarrier spacing of the data/control signals and fixed slot length (agreement from RAN1 #86bis), may require larger bit width of SFN compared to LTE to provide the same SFN wrap around time. This depends on the definition of a “radio frame” and “system frame” for NR. If the system frame is defined to be equivalent to radio frame, as in LTE, and radio frame is defined as 10 slots, as in LTE, the number of slots within 10 ms time duration changes as a function of subcarrier spacing. For example, system that uses 120 kHz would have 80 radio frames in the 10 ms time duration. This will cycle through SFN wrap around duration 8 times faster.
Furthermore, any DRX operations for NR will likely to be impacted by the wrap around time of the NR SFN.  In fact, the recent LS from RAN2 [1], states that if NR considers SFN and HSFN (used for eDRX operations), the total number of bits required for SFN would be 18 bits.
Implicit Mapping of SFN
In order to reduce the size of SFN carried in PBCH, LTE systems has considered implicit mapping of the 2 LSB bits of SFN into the redundancy version of PBCH. This technique is useful when coverage of PBCH is so large that single transmission instance isn’t enough to provide low code-rate. The different instances of PBCH are sent using different redundancy versions such that UE can perform combining of multiple instances for improving decoding performance. It should be noted that this gain does not come for free, and is at the cost of additional complexity at the UE side.
CRC
Additional aspect that impacts PBCH payload size is CRC. The CRC bitwidth is determined to meets the miss-detection, and false alarm probabilities required for the system. Overloading of information on top of CRC, such as number of antenna port indication scrambling in LTE, may cause the miss-detection and false alarm probabilities of the CRC to change. Therefore, careful analysis and comparison of different CRC bit widths and required miss-detection and false alarm probabilities should be conducted for NR. If we consider similar miss-detection and false alarm probability as LTE, it would mean NR would require 16 bits of CRC. We believe this is good baseline for evaluations for PBCH.
Proposal 1:
· For performance evaluations, use 16 bit CRC as baseline assumption.

3. Antenna Ports & Transmit Diversity Scheme
In NR Ad-hoc #1 meeting, the following were agreed for PBCH.
· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported

In our companion contribution [2], we have evaluated different transmit diversity schemes using MMSE-IRC receivers. With MMSE-IRC receivers and with code-rate with 1/5, precoder cycling methods provide better performance compared to SFBC in interference limited scenarios and provides similar performance to SFBC in noise limited scenarios. This is because rank 1 transmissions allows further reduction of interference as MMSE-IRC receivers are able to suppress interference to wider receive null spaces.
However, it should be noted that PRB-level precoder cycling is only possible if there is a dedicated DM-RS for PBCH and the antenna port between SSS and DM-RS of PBCH is not shared. This is because PRB-level precoder cycling of SSS will have significant implication in detection of the SSS. 
In case of precoder vector switching (PVS), where frequency flat precoding is applied to PBCH and different precoding is applied to different redundancy versions of PBCH is only valid if there are multiple instances of PBCH with identical contents. Therefore, this may be only valid for cases where UE combines multiple PBCH instances with identical contents. The added benefit of the PVS is that SSS can be used as DM-RS for PBCH in case TDM multiplexing between SSS and PBCH is used.
SFBC is likely more robust transmission scheme. However, the additional overhead for DM-RS for two antenna ports needs to be taken into account. When PBCH is TDM with SSS, the SSS can be used as DM-RS of PBCH. 
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[bookmark: _Ref474178099][bookmark: _Ref474178082]Figure 1. Example of three different Antenna Port (AP) sharing options between NR SSS and NR PBCH
If NR SSS antenna port is shared with NR PBCH, it is very likely that NR SSS may be utilized in the channel estimation process for demodulating NR PBCH. Figure 1 shows some examples of antenna port sharing possibilities between NR SSS and NR PBCH. In the example, we assumed NR PBCH requires two antenna ports, and NR SSS requires single antenna port for option (a) and (b) and two antenna port for option (c). Note that partial or full AP sharing only is feasible if TDM between PSS/SSS and PBCH is used.
One potential issue for full AP sharing between SSS and PBCH is that this implies SSS is broken into at least two parts. This reduces effective length of the sequence of SSS by half, as the entire length of the correlated values cannot be coherently combined. Therefore, option (c) full AP sharing may not be an attraction solution.
	Based on these aspects, if TDM between PSS/SSS and PBCH is used, we prefer to support either (i) single antenna port PBCH with slot-level precoder cycling with SSS as DM-RS, or (ii) two antenna port SFBC PBCH with SSS as DM-RS of one of the antenna port. If FDM between PSS/SSS and PBCH is used, we prefer to support either (i) single antenna port PBCH with PRB-level precoder cycling with dedicated DM-RS, or (ii) single antenna port PBCH with slot-level precoder cycling with dedicated DM-RS.
Proposal 2:
· If TDM between SSS and PBCH is agreed, down-select from the following transmission schemes for PBCH:
· single antenna port PBCH with slot-level precoder cycling with SSS as DM-RS, or
· two antenna port SFBC PBCH with SSS as DM-RS of one of the antenna port
· If FDM between SSS and PBCH is agreed, down-select from the following transmission schemes for PBCH:
· single antenna port PBCH with PRB-level precoder cycling with dedicated DM-RS, or 
· single antenna port PBCH with slot-level precoder cycling with dedicated DM-RS.

4. Multiplexing 
[image: ]
Figure 3. TDM vs. FDM Approach
Two multiplexing scheme being considered for PBCH is TDM with PSS/SSS and FDM with PSS/SSS. The two multiplexing schemes have significant impact to minimum system bandwidth and bandwidth of the PSS/SSS. When TDM scheme is used, we have the possibility to reduce or eliminate the DM-RS for PBCH and therefore can improve the performance of PBCH by sending more REs compared with FDM scheme. Furthermore, the PSS/SSS can be potentially designed such that it is equal to the minimum system bandwidth, and therefore improving the detection performance of PSS/SSS. In case FDM scheme is used, it has the potential to reduce the number of OFDM symbols that needs to be sent per beam in multi-beam operation at the cost of losing the benefits described in the TDM scheme.
We believe providing good performance for PSS/SSS and PBCH is more critical than optimizing OFDM symbol overhead for PBCH. This is because FDM scheme likely requires a larger SS block bandwidth and a larger minimum system bandwidth compared with the TDM approach which may prohibit deployments of future NR bands. Having a small minimum system bandwidth allows the operators to flexibly choose, the bandwidth of the NR carriers such that no spectrum is wasted.
Proposal 3:
· NR supports TDM between PSS/SSS and PBCH

5. Subcarrier Spacing 
It was agreed in RAN1 #87 that specific subcarrier spacing of PSS/SSS for a given frequency band is specified in specification. The reason was to reduce the computation complexity burden of the UE during cell search procedures. The UE will know exactly the subcarrier spacing and the sequences of PSS/SSS when performing cell search for a specific frequency layer. This means that the subcarrier spacing of PSS/SSS may be different from data/control subcarriers. Typically the subcarrier spacing for data/control subcarriers will be selected by the operator to optimize for the deployment scenario.
It is not yet determined whether the physical broadcast channels will have the same subcarrier spacing as PSS/SSS. We observed several benefits of designing PBCH to have same subcarrier spacing as data/control signals. First, benefit is the ease in multiplexing between PBCH and other data/control channels. In order to multiplexing different signals with different subcarrier spacing, guard band is required to allow inter-subcarrier interference to be minimized. Having the same subcarrier spacing and slot definitions allow efficient multiplexing between PBCH and other data/control channels. Furthermore, configuring the appropriate CP length for the PBCH will improve the network efficiency as well. PBCH is expected to carry larger payload and therefore will require more resources compared to PSS/SSS. It is much more essential to optimize the resources for PBCH compared that of PSS/SSS. Furthermore, PBCH will be decoded at the receiver by computing the LLR values of the received signals and processing them. PSS/SSS is typically detected by correlation and more robust to wrong CP length configuration compared to PBCH. 
Figure 2 shows examples of subcarrier spacing relationship between SSS and PBCH. The time-frequency duration of the PBCH can be made constant irrespective of the subcarrier spacing of the PBCH. When larger subcarrier spacing is used for PBCH, more number of OFDM symbol can be used to compensate for the reduction in number of subcarriers within the SS block bandwidth. When narrower subcarrier spacing is used for PBCH, less number of OFDM symbols can be used to counter-balance the increase in number of subcarriers within the SS block bandwidth.
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[bookmark: _Ref474178977]Figure 2. Example of subcarrier spacing of PBCH
Proposal 4: 
· PBCH subcarrier spacing is configured to be same as subcarrier spacing of eMBB data/control channels configured in the NR cell.
It should be noted that the main motivation of PSS/SSS subcarrier spacing to be fixed in specification for a given frequency range was to avoid additional blind detection at the receiver. Therefore, it is equally important to avoid blind detection of PBCH subcarrier spacing as well. The only way to avoid blind detection of the subcarrier spacing of the PBCH is have an explicit indication of the subcarrier spacing in the SS block (excluding the PBCH itself).
Proposal 5:
· PBCH subcarrier spacing is explicitly indicated in the synchronization signal.


6. Conclusions
In this contribution, we discussed the various aspects on physical broadcast channel. Our proposals are summarized as below:
Proposal 1:
· For performance evaluations, use 16 bit CRC as baseline assumption.
Proposal 2:
· If TDM between SSS and PBCH is agreed, down-select from the following transmission schemes for PBCH:
· single antenna port PBCH with slot-level precoder cycling with SSS as DM-RS, or
· two antenna port SFBC PBCH with SSS as DM-RS of one of the antenna port
· If FDM between SSS and PBCH is agreed, down-select from the following transmission schemes for PBCH:
· single antenna port PBCH with PRB-level precoder cycling with dedicated DM-RS, or 
· single antenna port PBCH with slot-level precoder cycling with dedicated DM-RS.
Proposal 3:
· NR supports TDM between PSS/SSS and PBCH
Proposal 4: 
· PBCH subcarrier spacing is configured to be same as subcarrier spacing of eMBB data/control channels configured in the NR cell.
Proposal 5:
· PBCH subcarrier spacing is explicitly indicated in the synchronization signal.
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