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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
In RAN1#87 meeting [1], the following agreements on NR-PBCH have been made: 
	Agreements:
· Companies are encouraged to report, propose and evaluate following design parameters of NR-PBCH until next meeting
· Payload size
· Overhead of PBCH including dedicated DMRS (time/frequency/port resource amount)
· RS for demodulation, e.g., NR-PSS, NR-SSS or  dedicated DMRS or mobility RS
· Transmission scheme, e.g., MCS, transmit diversity
· Periodicity
· Resource mapping/multiplexing within SS block(s)
· Companies are encouraged to report their own evaluation assumptions
· Following target requirements should be taken into account in the NR-PBCH design
· Detectable at low received baseband SNR condition such as [-6] dB
· Note: it does not mean NR-PBCH should be detectable by one-shot
· Companies report the BLER used, timing assumption used and frequency offset used.
· Following can be considered for study purpose, e.g.,
· Combining NR-PBCH across SS blocks within X ms 
· FFS: Value of X ms
· Use of PBCH for frequency offset estimation and necessity of use of the PBCH for frequency offset estimation is also a part of the study



	Agreements:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific, cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI



	Agreements:
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information
· Study further NR-PBCH design examples with the following clarification of the agreements 
· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information
· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 
· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)
· Information necessary to receive remaining minimum system information is provided after initial UL transmission
· Other examples are not precluded
· Prepare draft LS to RAN2 to clarify the contents and RAN2 preferred size of minimum system information and whether it can be delivered by on demand – Eunsun (LG)


In this contribution, we will discuss considerations on NR-PBCH content and design, delivery of remaining minimum SI.
2. Content of NR-PBCH
Because the number of symbols contained in NR-PBCH is usually very small, e.g. 1 or 2 symbols. Therefore, even if a larger bandwidth is used for NR-PBCH, the payload carried by NR-PBCH still is limited. So we suggest that the total number of bits carried in NR-PBCH should be as less as possible. For example, the payload carried by NR-PBCH is similar to or slightly larger than that in LTE PBCH. 
In [1], the following conclusion is agreed:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signalling.
· Other solution is not precluded
In this contribution, we call the search space obtained from MIB/system information/implicitly derived from initial access information as common control resource set(CCRS). Therefore, the time/freq. resource of the CCSR may be indicated in NR-PBCH. For example, some information of CCRS such as bandwidth, location, DC can be contained in NR-PBCH to indicate the CCS.
Secondly, SFN should be also indicated in NR-PBCH and the number of bits used to indicate SFN depends on SS burst set periodicity. When a longer SS burst set periodicity is used in NR, fewer bits are needed than that of LTE. 
The information used to indicate UL transmission such as NR-PRACH should be also contained in NR-PBCH. More specifically, a part of information carried in NR-PBCH is used to indicate whether remaining minimal SI is periodically broadcasted or transmitted in on-demand manner as discussed in section 4.1. For the former case, one UE will not send the UL transmission such as NR-PRACH msg 1 before remaining minimal SI is received. Otherwise, the UE will send the uplink transmission according to parameters in MIB firstly and then receive remaining minimal SI. Given the limited payload for NR-PBCH, the information used to indicate UL transmission should be as small as possible.
3. Design of PBCH
3.1  Transmission scheme
For transmission scheme design of NR-PBCH, robustness requirement for NR-PBCH should be considered. Therefore, we suggest that multi-antenna transmission diversity such as SFBC, QPSK modulation and lower coding rate should be used to meet the requirement of robustness. As for transmission diversity, complexity of bind detection due to different port number should be as low as possible. Therefore, we suggest that only one and two ports are supported for the design of NR-PBCH.
3.2  Reference signal design
For the design of demodulation reference signal of NR-PBCH, there are following two possible approaches:
1) The secondary synchronization signal is used as demodulation reference signal of NR-PBCH.
2) The additional DMRS is used as demodulation reference signal of NR-PBCH.
For NR-PBCH, multi-antenna diversity technique can be considered for performance enhancement. When the transmission diversity is applied, as stated in [5], the number of physical cell ID will be reduced due to the support for dual port SSS transmission in a given sync bandwidth. Additionally, the bandwidth of NR-PBCH may be different from that of NR-SS as discussed in our companion contribution [2], which implies that using NR-SSS as DMRS of NR-PBCH is infeasible. Therefore, it is suggested to use DMRS for NR-PBCH demodulation, which allows higher flexibility in the NR-PBCH design.
[bookmark: OLE_LINK2]According to the above discussion, multi-antenna diversity technique can be considered for performance enhancement. In addition, we can also consider some other ways to achieve performance enhancement of NR-PBCH. In LTE, CRS frequency domain shift is introduced to realize the orthogonal frequency domain of CRS in adjacent cells, and thus CRS interference between adjacent cells can be avoided and quality of CRS can be improved by this way. In order to improve the robustness of NR-PBCH, the above frequency domain shift can be reused in the DMRS of NR-PBCH. Besides, time domain shift of PBCH DMRS can also be introduced to further reduce the interference among NR-PBCH DMRSs of adjacent cells and improve the performance of NR-PBCH.
Proposal 1: The additional DMRS is used as demodulation reference signal of NR-PBCH.
Proposal 2: Both time and frequency shift of NR-PBCH DMRS should be considered to improve the performance of NR-PBCH.
3.3  SCS, payload and bandwidth of NR-PBCH
Selection of subcarrier spacing of NR-BPCH should consider the impact of phase noise and residual frequency offset. Additionally, larger subcarrier spacing will result in shorter CP length which implies higher requirement of NR-SS timing accuracy and poorer performance against multipath channel. Phase noise, frequency offset and delay spread of radio channel are highly related to carrier frequency, therefore there should be a default subcarrier spacing which satisfies requirement of NR-SS and NR-PBCH within a certain frequency range. Furthermore, the performance of NR-SS should satisfy the requirement of these physical channels/signals for e.g. timing accuracy and residual frequency offset.
Proposal 3: The same default subcarrier spacing is used for both NR-SS and NR-PBCH within a frequency range
Based on the above point of view in section 1, we suggest that the payload carried by NR-PBCH is similar to or slightly larger than that in LTE PBCH. Hence, the payload size of NR-PBCH is assumed to be 50 bits in the following simulation. In this section, we will provide some LLS simulation results to estimate required transmission bandwidth of NR-PBCH. In our simulation, we assume that NR-PBCH consists of one symbol in one SS block and SCS of NR-PBCH is 120 KHz for a 30GHz NR system. In addition, 2 port DMRS is used as demodulation reference signal of NR-PBCH and the overhead caused by the additional DMRS is 1/3 in our simulation. More specifically, more simulation assumption can be found in [3] and [4]. Simulation results are showed in figure 1.
[image: ]
Figure 1: LLS simulation results of NR-PBCH in different bandwidth
In figure 1, the curve of SINR vs BLER in different bandwidth are provided and beamforming gain has been taken into account for the SNR showed in figure 1. As seen in figure 1, if we want to ensure that BLER is less than under the condition of -6 dB received baseband SNR, transmission bandwidth of 36 PRB corresponding to 51.84 MHz is needed under the condition of 120 KHz SCS.
Observation 1: For one symbol NR-PBCH, 51.84 MHz bandwidth is needed under the condition of 30GHz system frequency and 120 KHz SCS. 
4. [bookmark: OLE_LINK10]Delivery of Remaining Minimum SI
4.1  Whether to carry information of UL transmission in NR-PBCH
According to whether NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH)，NR-PBCH is divided into the following cases:
· Case 1：NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH). When channel of remaining minimum system information is partially indicated by NR-PBCH, the case corresponds to example 2 for Alt 1-1 in [1]. Otherwise, it corresponds to example 4 for Alt 1-2 in [1].
· Case 2：In this case, NR-PBCH does not carry any related information for UE to perform initial UL transmission (not limited to NR-PRACH). When the channel of remaining minimum system information is indicated in NR-PBCH, namely Alt 1-1 in [1] is applied, the case corresponds to example 1 for Alt 1-1 in [1].
[bookmark: OLE_LINK1]In case 1, NR-PBCH carries minimum information necessary for UE to perform initial UL transmission, e.g. PRACH msg1. Hence, if UL transmission information such as NR-PRACH msg 1 is sent to the gNB before the remaining minimum SI, based on the reception of the UL transmission information, the gNB can choose some better beams from all of DL TX beams to send the remaining minimum system information. Through the above beam selection, the gNB can transmit remaining minimum SI only in specific DL Tx Beam direction, and thus the number of beams used to send the remaining minimum SI can be reduced. Also reduce power consumption of TRP since fewer always-on signals are transmitted.
However, the above conclusion can only be obtained in the case of small number of UEs or uneven position distribution of users in one cell. When the number of terminals is large or these terminals are distributed in different geographical locations, users receiving remaining minimum SI will exist in almost every beam direction. In this case, although the gNB performs beam selection based on the uplink transmission information of UEs, the gNB still needs to send the remaining minimum system information in almost all DL beam direction. In this case, the case 1, in which minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) is carried in NR-PBCH, will not reduce the resource of remaining minimum SI, but also will lead to additional overhead of NR-PBCH.
According to the above analysis, we can conclude that case 1 and case 2 are suitable for different application scenarios respectively. Therefore, in order to take into account a variety of application scenarios, both case1 and case 2 should be support for different application scenarios. In a given scenario, the gNB determines and indicates whether the NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH).
Proposal 4: For the transmission of remaining minimum SI, both periodic and on-demand methods should be supported in NR. 
For on-demand transmission of remaining minimum SI, only a small portion of the UL transmission message is carried in the NR-PBCH. Therefore, the amount of information used to indicate UL transmission in MIB is small. The details on the configuration of UL transmission will be contained in remaining minimum SI.
When remaining minimum system information is sent on demand, UL transmission such as PRACH msg 1 should be send before the transmission of remaining minimum SI, so that the gNB can choose better DL TX beams to send the remaining minimum SI by the reception of UL transmission.
For remaining minimum SI transmitted periodically, we suggest that UL transmission should be transmitted after the remaining minimum SI, and some reasons will be provided in the following description. Firstly, if the UL transmission is transmitted before remaining minimum SI, MIB needs to carry indication information of the UL transmission, and this will cause a little payload overhead of NR-PBCH. However, the additional overhead does not bring some benefits such as reducing the number of beams. Secondly, as discussed in RAN2, triggered transmission of other SI is possible. Different kinds of other SI can be triggered independently by e.g. different PRACH resource. The detailed configuration of UL transmission will need more bits and should be contained in remaining minimum SI. Because the detailed configuration information of UL transmission is carried in the remaining minimum SI, even if UL transmission is sent after remaining minimum SI and NR-PBCH does not indicate it, the UL transmission can still be achieved. 
4.2 Channel for remaining minimum SI
According to the agreements in RAN1 87 meeting, two alternatives about the transmission of remaining minimum SI are shown below:
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to, e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific, cell-specific, and/or TRP-specific, etc.
In this section, we will discuss the advantages and disadvantages of the two alternatives.
For Alt.1, remaining minimum SI is carried in a secondary broadcast channel. In our understanding it will be somewhat similar to NR-PBCH. For example it will also use fixed payload size and resource mapping. Of course, one can send configuration parameters on secondary broadcast channel in NR-PBCH. However, the limited payload in NR-PBCH will confine the flexibility of the configuration of secondary broadcast channel. For Alt.2, remaining minimum SI is transmitted in shared downlink channel similar to, e.g. NR-PDSCH which is scheduled via NR-PDCCH. The mechanism similar to channel of LTE SIB 1 can be used. More specifically, a fixed period is applied to remaining minimum SI after it is triggered and thus the UEs are aware of where the remaining minimum SI is transmitted.. .
Compared to Alt.2, Alt.1 has some advantages such as avoiding NR-PDCCH overhead and blind detection. However, the introduction of a secondary broadcast channel to carry remaining minimum SI will also bring the following disadvantages: 
1) Poor forward compatibility. Similar to NR-PBCH, the payload size is fixed in the secondary broadcast channel. Therefore, it is very difficult to add new IEs to the secondary broadcast channel in the future versions of NR. 
2) Low transmission efficiency. Similar to NR-PBCH, the payload size, MCS, and frequency resource location of the secondary broadcast channel are fixed. Due to the absence of AMC (Adaptive Modulation and Coding) and adaptive resource allocation, the secondary broadcast channel has to be designed to satisfy the requirements of the worst-case scenario. Therefore, low transmission efficiency is expected in better scenarios. Hence, secondary broadcast channel has to be designed to satisfy the requirements of the worst-case scenario. Therefore, low transmission efficiency is expected in better scenarios.
3) Poor flexibility. The remaining minimum system information consists of some information and most of them most already exist in LTE SIB1 and SIB2. Similar to LTE SIB1 and SIB2, the remaining minimum SI includes some optional element. Because of fixed payload size, MCS, and frequency resource location, it is difficult for the secondary broadcast channel to support optional elements which cause the remaining minimum SI to be variable. Therefore, the secondary broadcast channel can’t meet the requirement of variable size of remaining minimum system information.
4) Larger interference. Because the fixed frequency locations are used for the secondary broadcast channel, the frequency resource of them in adjacent cells will be conflict with each other. Therefore, the secondary broadcast channel will be interfered by that of adjacent cells. However, if the remaining minimum SI is carried on the PDSCH which will be indicated by the PDCCH, interference can be avoided or mitigated by the coordination among adjacent cells.
For the channel design of remaining minimum SI, it is not acceptable if secondary broadcast channel is not able to support variable size and forward compatibility. Therefore, we propose that the remaining minimum SI is transmitted in shared downlink channel similar to, e.g. NR-PDSCH which is scheduled by NR-PDCCH.
Proposal 5: The remaining minimum SI is transmitted in shared downlink channel similar to, e.g. NR-PDSCH which is scheduled by NR-PDCCH.
5. Conclusions
In this contribution, both NR-PBCH and delivery of remaining minimum system information are discussed. Based on the discussion, we have the following observation and proposal:  
Observation 1: For one symbol NR-PBCH, 51.84 MHz bandwidth is needed under the condition of 30GHz system frequency and 120 KHz SCS. 
Proposal 1: The additional DMRS is used as demodulation reference signal of NR-PBCH.
Proposal 2: Both time and frequency shift of additional DMRS should be considered to improve the performance of NR-PBCH.
Proposal 3: The same default subcarrier spacing is used for both NR-SS and NR-PBCH within a frequency range.
Proposal 4: For the transmission of remaining minimum SI, both periodic and on-demand methods should be supported in NR.
Proposal 5: The remaining minimum SI is transmitted in shared downlink channel similar to, e.g. NR-PDSCH and the NR-PDSCH is scheduled by NR-PDCCH.
6. [bookmark: OLE_LINK59][bookmark: OLE_LINK60]References
[1] [bookmark: _Ref449620942]3GPP Chairman’s notes RAN1#87, 2016-11
[2] R1-1611443, “Issues Related to NR-PBCH”
[3] R1-1610987, “WF on Updated Link Level Evaluation Assumptions for Initial Access in NR”
[4] R1-165005, “On the evaluation of PN model”
[5] R1-1612027, “Single beam PBCH design”




	
image1.emf
-10 -8 -6 -4 -2

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

Curve of SINR vs BLER

 

 

Bandwidth 30 RB

Bandwidth 36 RB

Bandwidth 40RB


