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1. Introduction
In 3GPP RAN1 #88, #88bis and #89 meetings, the following agreements on the common control resource set (CORESET) for remaining minimum system information(RMSI) were made. 

Agreements:
· 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 signaling.
· Other solution is not precluded.
Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.

· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information.
· FFS if a part of configuration information can be derived by specification.
Agreements:
· Following contents are carried in NR-MIB:
· RMSI scheduling information: [x] bits

· CORESET(s) information: [x] bits.
· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered.
· E.g., Time/frequency resource configuration of CORESET(s).
· [Numerology of RMSI: [0 - 2] bits].
· [Information regarding frequency resources for PDSCH scheduling: [x] bits]
In this paper, we provide our views on how to configure the CORESET for RMSI delivery, and how to indicate it by PBCH contents.

2. Discussion  
In this section, we provide our views on the CORESET design for RMSI delivery. Based on the contents and conclusions discussed in recent meetings, we realize that after beam sweeping for the acquiring of PBCH, the problem arises of how to acquire the remaining minimum system information (RMSI). This problem can be broken down into three sub-problems: whether RMSI is transmitted in narrow beams in the same ways as the SS-blocks, the location of the CORESET for RMSI delivery in time and frequency domain resources (possibly associated with SS-block/burst/burst set), and how to indicate this CORESET in PBCH while ensuring that the payload of PBCH is small. In the current discussion, there are generally four options for this CORESET design.

· Option1:  RMSI is transmitted in a wide beam to avoid one more round of beam sweeping.

· Option2: One more round beam sweeping for RMSI’s PDCCH and PDSCH transmission and receiving.

· Option3:  CORESET for RMSI is multiplexed with the SS block by FDM

· Option4: CORESET for RMSI periodically appears (The period is configured by specification, e.g. 80,160 or 320ms…), and the CORESET of a beam is indicated in the corresponding SS block. 

For option 1, it may also be necessary to transmit RMSI on the narrow beams like the SS blocks, especially when working at high carrier frequencies. 
Option 2 will bring greater complexity and does not take advantage of the best beam information that has been obtained from the SS block.

For option 3, the PDCCH may not occur in normal control region in a slot, and may need to appear with finer granularity. This will lead to the period of PDCCH indicating RMSI being the same as the SS burst set. And if we want to make the configuration like LTE (e.g. MIB’s period is 40ms, but SIB1’s is 80ms), some periods of SS burst set may not have any adjacent FDM PDCCH, and this will lead UE to do some unnecessary blind detection. A certain delay may also occur between PDCCH and PDSCH. 
For option 4, since PBCH in every SS block should indicate the CORESET for RMSI delivery corresponding to its beam, such an indication should be implicit, in order to allow combining between PBCHs in the same SS burst set.
 Based on the description above, we have the following observations.
Observation 1: We need to design a mechanism for CORESET which is used for RMSI delivery, it should limit the PBCH payload overhead, meanwhile make sure that the period of RMSI can be configured by specification like SIB1 in LTE, and not affect the combining between PBCHs both intra and inter SS burst set.

In fact, especially in the case of high carrier frequencies, in order to obtain performance gain, RMSI and its control information should also be transmitted on narrow beams, and the best choice is to transmit them on the corresponding beams which are used for SS blocks. For different beams, it is preferred that the control channel use different resources, so different CORESET per beam should be used accordingly.

Proposal 1: At least for high carrier frequencies, from a UE perspective RMSI and its control information should be transmitted on a narrow beam corresponding to the detected SS block, in order to obtain performance gain, and different CORESET per beam should be used.
To resolve the main issues, at least for high carrier frequencies, we provide a method which is described below, based on the observations above. First, CORESET for RMSI is configured to periodically appear (the period is configured by specification, e.g. 80,160 or 320ms…) in the control region (it may contain the 1, 2 or 3 first symbol(s) in a slot) of the corresponding slot. Then we can assume that the CORESETs for RMSI delivery of all the configured beams compose a set, and all the SS blocks in a burst set should indicate the same whole set of resources. For each CORESET in the set, the size should be fixed by specification (e.g. 1 symbol and 16CCEs). In the whole set of resources, each CORESET is numbered by its own SS block index, and the mapping scheme of CORESETs in the whole set is fixed by specification (e.g. using a frequency first scheme, and the CORESETs corresponding to each SS block are each adjacent in the frequency domain and are identified by SS block index in ascending order). So based on the above mechanism, only two things should be indicated to UE: the frequency offset of the whole resource set and the indices of the SS blocks which are actually used in a SS burst set. 

Further, the whole set of CORESET can be defined by the maximum number of SS blocks (defined as L) in a burst set. As an example, in figure 1, we show how to map CORESET in a whole resource set when L=8. In this case, even if we have only 4 SS blocks in a burst set, the whole set is still designed by L=8. Based on this design, only one parameter should be indicated to UE, which is the frequency offset of the whole resource set (Note: this does not mean that the whole set of resources are allocated to the CORESET of the UE, but rather that the rules are necessary to let the UE know where to detect the common PDCCH, and when the remaining resources can be used to transfer PDSCH). And then if there are 4 or 6 candidate frequency offset, 2~3bits in the CORESET(s) information field of NR-MIB is enough.  
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Figure 1 Exemplary illustration of relationship of SS burst and CORESET 
In more detail, when a UE has completed the beam sweeping of the SS burst set, the UE has read the PBCH information of detected SS blocks. And then the PBCH will indicate the frequency offset  of the whole set of CORESETs which belong to all configured beams, at the same time SS block index can be acquired from PBCH. There may also be information about SS blocks which are actually used. Since the RMSI period and the control area of RMSI can be fixed by specification (like SIB1 in LTE) and/or RRC signaling, the UE can obtain the time domain information of the whole resource set for RMSI. At the same time, because the mapping scheme and the size of a single CORESET is also fixed by specification, and the number of CORESETs in the whole resource set is equal to the number of SS blocks which are actually used or the maximum number of SS block in a SS burst set, the UE will know the size of the whole resource set. Then after reading the information of frequency offset, the UE can obtain the exact location in time and frequency resource of the whole resource set. After that it can find its own CORESET in the whole resource set according to the mapping scheme of CORESETs and the SS block index. Once get these information, the UE can detect common PDCCH to acquire RMSI in its own CORESET corresponding the beams which have been detected during the beam sweeping procedure for SS blocks. 
Based on the above description, we can give the following proposals: 
Proposal 2: At least for high carrier frequencies, a two-step procedure should be used for a UE to find the CORESET for RMSI delivery corresponding to the detected beams.

· Step1: UE find the whole set of CORESETs  corresponding to actually used or the maximum number of beams 

· Step2: UE find its own CORESET for RMSI delivery corresponding to the detected beams.

Proposal 3: CORESET(s) information in NR-MIB should be simplified and a part of configuration information can be derived by specification, e.g. only frequency offset of the whole set of CORESETs should be indicated, maybe 2~3bits in NR-MIB is enough. 
By this design, another kind of benefit could be achieved in terms of interference avoidance. For example, using different CORESET per beam which is distinguished by specification configuration parameters can mitigate the interference on a beam level. On the other hand, using different frequency offset values of the whole set for adjacent cells, configured to be related to PCI, for example by mod 4 or mod 6 mechanism, can mitigate cell level interference, and this also can further reduce the PBCH overhead.
Proposal 4: For interference management, using different CORESET per beam which is distinguished by specification configuration parameters can mitigate the beam level interference problem; using a different frequency offset value of the whole set for each adjacent cell can mitigate the cell level interference problem, which also can further reduce the PBCH overhead. 


3. Conclusion
In this contribution, our views on the CORESET for RMSI delivery were provided. We had the following observations and proposals.

Observation 1: We need to design a mechanism for CORESET which is used for RMSI delivery, it should limit the PBCH payload overhead, meanwhile make sure that the period of RMSI can be configured by specification like SIB1 in LTE, and not affect the combining between PBCHs both intra and inter SS burst set.
Proposal 1: At least for high carrier frequencies, from a UE perspective RMSI and its control information should be transmitted on a narrow beam corresponding to the detected SS block, in order to obtain performance gain, and different CORESET per beam should be used.
Proposal 2: At least for high carrier frequencies, a two-step procedure should be used for a UE to find the CORESET for RMSI delivery corresponding to the detected beams.

· Step1: UE find the whole set of CORESETs  corresponding to actually used or the maximum number of beams 

· Step2: UE find its own CORESET for RMSI delivery corresponding to the detected beams.

Proposal 3: CORESET(s) information in NR-MIB should be simplified and a part of configuration information can be derived by specification, e.g. only frequency offset of the whole set of CORESETs should be indicated, maybe 2~3bits in NR-MIB is enough. 
Proposal 4: For interference management, using different CORESET per beam which is distinguished by specification configuration parameters can mitigate the beam level interference problem; using a different frequency offset value of the whole set for each adjacent cell can mitigate the cell level interference problem, which also can further reduce the PBCH overhead. 
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