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1. Introduction    
In RAN 1 #85 meeting some agreements on approaches for channels/signals/measurement/feedback in multi-beam and one-beam operation has been achieved as follows [1].
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
In this contribution, we provided our views on transmission of common control information (CCI) including PBCH, SIBs, paging, TPC and RAR for NR MIMO, especially in multi-beam scenarios.
2. Discussion
2.1 Classification for CCIs
As we know, some CCIs should cover the whole cell, but the others may only be informed to some UEs. Then, based on different coverage, all CCIs can be divided into two types as following
· Type1: Cell specific coverage, e.g. PBCH, paging and SIBs. As BS needs to ensure that all UEs can receive these CCIs, and transmission beam(s) should cover the whole cell. 
· Type2: UE group coverage, e.g. TPC and RAR. As BS only transmits information for portion of UEs in the cell, one group beams pointed to those UEs are sufficient. 
Alternatively, based on whether fixed payload size or not, the CCIs also can be classified to two below categories:
· Type A: Fixed payload size, e.g. PBCH.
· Type B: Varied payload size, e.g. paging
Because different requirements may be needed for different type CCIs, we suggest classifying these common information in order to make future design more clear. 
Proposal 1: The classification of common control information should be studied, such as based on payload size and coverage.
2.2 Transmission schemes
In LTE, except PBCH, all CCIs are transmitted in data region and are scheduled by common control channel (CCH) in common search space. Since single beam can cover the whole cell in low frequency bands, the corresponding PDCCH/PDSCH can be frequency multiplexed with UE specific PDCCH/PDSCH. 
However, at high frequency, it is not easy to adopt FDM scheme between common control information and UE specific signals any more, especially for cell coverage CCIs. That’s because there may need beam sweeping through different OFDM symbols for some CCIs and the required the number of OFDM symbols will be much more than that for UE specific signals. For simplification, some particular subframes can be reserved for these CCI, then the transmission design of these CCIs can be separately designed over UE specific signals, which also means that the switching between analog beams will not be restricted. 
Therefore, for different coverage types of CCIs, the two transmission schemes can be studied in NR:
· Scheme 1:  Normal subfames which is similar with LTE.
· Scheme 2: Specific subframes are reserved.
For scheme 1, the CCI can be scheduled by CCH which may be configured in every subframe. This may be more suitable for aforementioned Type 2 CCIs, e.g. RAR and TPC because the required beams may not be too many.  In this case, multiple beams with same common control information may be transmitted in separate subframes as described in Figure 1. This scheme can introduce more flexibility and is beneficial for forward compatibility. But the disadvantage is that BS needs to transmit these CCIs frequently.


Figure 1 Illustration of transmission in scheme 1
For scheme 2, the specific subframes can be reserved for the CCIs as shown in Figure 2. To achieve forward compatibility and not impact some ulRRC service, these particular subframes should be set as few as possible. It is noted that this scheme is more suitable for the Type 1 signals, e.g. PBCH, paging, which may need analog beam switching between different OFDM symbols.


Figure 2 Illustration of transmission in scheme 2
Since there may not be PDCCH for some common signals, especially for the above Type 1 CCIs, e.g. PBCH. But for the Type 2 CCIs, scheduling by PDCCH is better for multiplexing with other UE specific signals. Therefore, based on whether have PDCCH or not, the transmission schemes can be divided into two types as well
· Scheme A:  Direct transmission without PDCCH.
· Scheme B: Scheduled by PDCCH and transmission in data region.
For scheme A, few symbols per beam can be used to transmit these Type 1 signals within the specific subframes. Taking paging for example, where each beam in one or two OFDM symbols with same paing information can be considered as shown in the Figure 3a and 3b. Since the payload size of paging is not fixed, UE may need to detect both one symbol case and two symbol case.


                               
(a) 							(b)
Figure 3 Illustration of one beam in (a) one symbol and (b) two symbols
For Scheme B, PDCCH schedules the CCI and configures the suitable resources block size and MCS. It may improve transmission efficiency even in specific subframes. As shown in the Figure 4-a and 4-b, after detecting DCI in CCH region, UE will get the allocated resources. Especially for paging which payload size is not fixed, PDCCH can dynamically decide how many symbols should be used for data transmission. Alternatively, PDCCH and the first part data of control signals can be jointly encoded in one symbol, and the information on whether more symbols are needed or not would be informed in the first part. 


                                
(a) 							(b)
Figure 4 Scheme B with (a) one symbol or (b) two symbols per beam                                     
Based on our aforementioned analysis, the transmission requirements for different type CCIs may not be same, so we have the following proposal. 
Proposal 2: The transmission schemes for different types of common control information should be studied.
In addition, CCIs are transmitted based on CCH scheduling, the relation between CCIs and CCH should be studied carefully especially in mult-beam scenarios.
Proposal3:  The relationship between common control information and channel should be studied if common control information is introduced for CCI transmission.   
3. Conclusion
In this contribution, we discussed the transmission of common control signals in NR and provided our views as following
Proposal 1: The classification of common control information should be studied, such as based on payload size and coverage.
Proposal 2: The transmission schemes for different types of common control information should be studied.
Proposal3:  The relationship between common control information and channel should be studied if common control information is introduced for CCI transmission.   
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