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The following agreement relating to NR PCBH channel coding was reached in RAN1#88bis [1]:
-        The primary candidates for PBCH channel coding are: 
· Polar control channel coding scheme, with Nmax <= 512, reusing same decoder
· LDPC data channel coding scheme, reusing same decoder – i.e. no new shift network, but a new base graph may be considered
-        LTE TBCC may also be considered if fundamental problems are unresolved with the above candidates
-        Evaluate BLER and FAR performance until RAN1#89, with the following assumptions:
· Implementable decoders, i.e.:
·  For polar decoding: Lmax = 8
·  For LDPC decoding: min-sum variants, flooding 50 iterations
· Info + CRC = 40-100 bits
· Target FAR is that achieved with CRC size = 16
· Starting code rate <= 1/6
· Performance to be compared based on a single transmission with no combining
·  Note that it is assumed that PBCH uses Chase combining – i.e. IR is not supported.  
· Decoder power may optionally also be considered

In addition to the above agreements, this contribution highlights system level considerations from the observation of worldwide issues in recent years for multi-mode UE system acquisition and handover. The relevant issues have been analysed. Proposal for NR PBCH design and channel coding are concluded. 

Analysis
In the world-wide telecomm market, a smart phone must have multimode features to work with multi-RAT networks. NR will, for sure, co-exist with 2G, 3G and 4G for many years to come. So far multi-RAT UE initial acquisition time and inter-/intra-RAT handover have an issue: the initial acquisition time is nearly 1 min, as it has to go through many RATs over many bands, and each band can have variety of RAT configurations. Observations on system acquisition time and power used in idle state revealed a significant power consumption on reading multi-RAT Scell and Ncell PBCHs. Lengthy PBCH acquisition in corner cases also caused handover issues, some UE lost services momentarily as multi-RAT PBCHs took too long to finish. Inevitably, a NR phone will have even more acquisition time, hence reducing the relevant NR PBCH decoding time is highly desirable.
To minimise the acquisition time and power used, and enhance user experience, following aspects should be considered in NR PBCH design:
1. It is preferable to group NR PBCH message IEs into small priority groups, so that UE is able to get the priority IEs ASAP. The priority IEs are those related to accessing the NR cell services, such as, PLMN, access baring control, classmark change, etc.
a. Since a UE needs to go through many candidate NR cells in many bands, shorter priority PBCH IE groups would avoid wasting too much time in reading the whole PBCH messages just to find that they are unsuitable NR cells. 
i. As a matter of fact, since UE goes through many cells’ PBCH and signal level/quality for finding one Scell, most of the UE ACQ efforts are largely wasted in reality. 
ii. Short PBCH IE units, to symbol level instead of interleaving across many timeslots, can help speed up the process, in turn, reduce the overall NR system acquisition time. 
b. Smaller PBCH IE groups may impact the performance due to less time diversity, however the PBCH messages are repeated regularly.  It is not necessary to improve the BCCH performance alone without the matched performance support of data channel.
c. System level consideration of a more efficient PBCH design for UE to acquire the service ASAP is at least as important as the performance of BER/FER.

2. The performance [2] [3]
a. With good performance over shorter message length, polar code offers an attractive advantage with regard to PBCH design.
b. LDPC performs well with long enough info bits, which makes it perfect for eMBB data channel, but less favourable for PBCH, as long PBCH info bits will involve longer Tx/Rx scheduling, prolong the PBCH process for each candidate cells, making it even worse when searching NR Scell in many bands, among other RATs.

3. For the above reasons, polar code advantage in dealing with short message is particularly useful for NR PBCH. It would enable
a. Shortening the PBCH IE messages, and avoid long interleaving length across the NR frame structure, hence achieving quicker decoding structure for each NR cell.
b. Quicker registration with the best NR Scell, as decoding of a number of NR cells in less time.
c. Shortening the overall multi-RATs acquisition time.
d. Less handover failures for inter- and intra- RAT handover.

4. The latency and delay of ACQ and HO
a. In addition to the latency of channel coding, either from polar code or LDPC, the PBCH TTI is even big contributor to the delay of ACQ and HO issues. 
b. If the NR PBCH is designed with short standalone priority IE groups, given polar code short message performances, UE would have a great flexibility of reading many cells’ PBCH relevant IEs, rather than allocate long enough time for getting whole set of each PBCH.  
c. Flexible scheduling can gain significant enhancement on ACQ time, as UE is able to make the best out of short PBCH IE group design, while TTI is kept the same. 
d. Using a 20 Gbps capable LDPC hardware for PBCH is not only overkill, but also introduces latency due to unnecessary interleaving across a few bursts and frames for long enough messages required by a performing LDPC.

5. Implementation complexity 
a. One type of channel coding is preferred in idle state. Using both polar code and LDPC in idle state is unnecessarily complex.
b. By contrast, control channel is more frequently activated, and polar code is already used in idle state.  Using polar code for PBCH avoids the need to wake up LDPC decoder for broadcast channel. 
c. In handover scenario, where the target NR cell PBCH parameters are delivered to the UE via its control channel, polar code is the default mechanism. Keeping the same convention would streamline the process and reduce the UE implementation complexity.
d. LDPC will need a new PCM, and more memory is required.
e. Use polar code for PBCH can avoid clash between broadcast and data, otherwise PBCH will need to be brought from the control plane into the user plane.

6. Power consumption: Mobility feature on UE side requires UE reads PBCH of Scell and Ncell periodically, which is one of the idle state tasks on 24/7 basis.  Hence accumulative power consumption is significant.
a. Shorter acquisition time can save power. 
b. A light weight polar code handling control channel and short PBCHs’ IE regularly prolong the battery life. 
c. Using both polar code and LDPC in idle state would cost more battery life.

7. To draw some strength of previous success of 2G, 3G and 4G, short IE, classmark change, should be adopted. 
a. Classmark change, e.g. 2-bit number, can be used, informing UE that there is an update of PBCH info, would efficient, as UE sleep longer.
b. Such short messages can be part of the priority IEs, and polar code can fit in this role best.
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Proposal: consider short priority PBCH IE group design, and adopt polar code for NR PBCH channel coding. 
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