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1. Overview
In RAN1 #89 Hangzhou meeting [1], Polar coding is adopted for NR-PBCH with the following agreement:
	Agreement:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH, is transmitted explicitly	
· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design



In this contribution, considerations for realizing PBCH combining gain as well as the benefits from the Polar code structure will be addressed.  



2. Considerations on NR-PBCH combining
In an analog/hybrid beamforming system, UE may lie between some major downlink beams, as illustrated below. Consequently, combining several major beams can improve UE robustness.  
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Fig. 1: A typical scenario where UE receives multiple major downlink beams

According to the following agreement in #88bis meeting [2], it is required to realize combining for NR-PBCH across SS blocks, bursts, and even burst sets (within the PBCH TTI):
[bookmark: _GoBack]
	Agreements:
· RAN1 strives to supports combining NR-PBCH
· The different options to be considered:
· Across SS Burst Set
· Within SS Burst Set 
· Within subset of an SS burst set, e.g. within an SS burst, within  a number of slot(s) etc.

	Agreements:
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec



Note that, if the combining is targeted across multiple tens of ms, the variation in both time index and SFN should be considered. 

Observation 1: Cross-SS block combining for NR-PBCH is necessary for UE robustness against imperfect beamforming. However, the combining design needs to consider varying time data, including time index and SFN, across SS blocks.

	Regarding the agreed explicit signaling on time index, the major challenge is how to realize combining gain over the varying content. One technique is the selective combining, which is to decode multiple received signals from different beams so as the maximal the chance of correct decoding. In Fig. 2, there show the Polar code performance in TDL-C fading channel with 30ns delay spread. With selective combining, one can check the significant diversity gain realized:
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Fig. 2: Selective combing gain for a Polar code in fading channel

By the above, we therefore have  

Observation 2: Selective combining provide significant diversity gain for Polar code in fading channels and can be considered for PBCH combing for time varying data (time index and SFN).

Proposal 1: For NR PBCH, the following diversity schemes are adopted:
· Selective combining: Time varying data including time index and SFN
· Maximal ratio combining: Static data (within at least PBCH TTI of 80 ms)


3. Considerations on Polar Code Design
There are two possibilities for Polar code design with explicit signaling on time index, i.e., separated encoding or joint encoding. For separated encoding, time data, including time index and SFN, and the static data are belong to two different Polar codewords allocated in PBCH region. The benefit of this design is UE freedom to decode either of the data. As an example, UE can decode only the time data for neighbor cell measurement reports. For camping on a cell, UE can further decode the other MIB information.
On the other hand, joint encoding of time data and static data, if properly designed, can also minimize UE decoding effort. In Fig. 3, there show one example design where time data is place in the lower part of a Polar code. Then, by the fact that lower part of Polar code can be decoded individually without the interference from the upper part, UE can effectively decode a smaller Polar code with only time data.
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Fig. 3: An example Polar code design of joint encoding with time data and static data
	In addition to the flexibility that UE can decode time data only, the joint encoding design can further provide the following benefits:
· CRC reduction for static data: For separated decoding, additional CRC is required for the Polar code with static data. With joint encoding, the two parts of data are correlated in a common Polar code, which can in turn be utilized for reducing CRC size for static data. Similar strategy is also considered in LDPC, where the parity check bits can be exploited to reduce the codeblock CRC size.
· Performance enhancement in acquiring time information: In case of long idle/sleep of a UE without locking the clock frequency, reacquisition to the cell timing after awaking is necessary. With joint encoding and the assumption that the static data is unaltered, there can realize significant gain for decoding the time data. In Fig. 4, there shows a significant gain of 3 dB that can be realized in decoding time data with known static data content. It is very beneficial for UE to resume synchronization from a wild condition of large time and frequency uncertainty.
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Fig. 4: Performance enhancement on decoding time data with known static data content

By the above, we finally conclude with
Proposal 2:  Joint Polar encoding with both time data and static data is adopted for NR-PBCH for realizing the benefits, including CRC reduction on static data, performance enhancement in decoding time data, allowing UE to decode time data only for measurement reports, etc.



4. Summary
In this contribution, considerations for Polar coding design for NR-PBCH are provided. In particular, we have 
Observation 1: Cross-SS block combining for NR-PBCH is necessary for UE robustness against imperfect beamforming. However, the combining design needs to consider varying time data, including time index and SFN, across SS blocks.

Observation 2: Selective combining provide significant diversity gain for Polar code in fading channels and can be considered for PBCH combing for time varying data (time index and SFN).

Proposal 1: For NR PBCH, the following diversity schemes are adopted:
· Selective combining: Time varying data including time index and SFN
· Maximal ratio combining: Static data (within at least PBCH TTI of 80 ms)

Proposal 2:  Joint Polar encoding with both time data and static data is adopted for NR-PBCH for realizing the benefits, including CRC reduction on static data, performance enhancement in decoding time data, allowing UE to decode time data only for measurement reports, etc.
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