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1. Introduction
In current version of spec TS 38.211 [1], the PDCCH DMRS sequence 
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 is mapped to physical resource elements according to 
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Where the reference point for 
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 is 

-
subcarrier 0 of the lowest-numbered common resource block in the CORESET if the CORESET is configured by the PBCH or RMSI,

-
subcarrier 0 in common resource block 0 otherwise

And the reference point for 
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 is the first OFDM symbol for the CORESET.

According to above mapping formula, the DMRS is located in the fixed RE location in each PRB, e.g. the #1, #5 and #9 RE. In this contribution, we will discuss the need of frequency shift for PDCCH DMRS.
2. Design of PDCCH DMRS shift
In LTE, CRS of different cells located in the same OFDM symbols, and a cell specific frequency shift valued from 0~5 is applied to avoid inter cell interference between CRSs. The shift is especially useful when power boosting is used to improve channel estimation performance.

For NR PBCH DMRS, cell specific frequency shift are also used, PBCH DMRS sequence are mapped every 4 REs in the PBCH resources with a frequency shift 
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While for PDCCH DMRS, DMRS sequence are mapped every 4 REs in fixed RE location, i.e., the #1, #5 and #9 RE in each RB. For NR PDCCH, it is possible that UE specific CORESETs for PDCCH can be configured to different time and frequency locations to avoid interference between PDCCH transmissions from different cells. But for RMSI CORESET, the time and frequency location is associated with a SS Block and the SS Block could be only deployed aligned with the sync raster, things may different.
For large coverage scenarios, multiple SS Blocks in one SS Block burst set may be simultaneously transmitted, and so does the RMSI CORESET. In this case, for time location, it is quite possible that RMSI CORESETs are distributed in most available downlink or unknown slots, especially for TDD. For example, with 30KHz SCS and 2.5ms cell specific DL-UL-transmission-periodicity, when 8 SSB are transmitted, there will be 2 RMSI CORESETs in each slot. For frequency location, since only limited RB offset numbers are allowed between the RMSI CORESET and SS block, the RMSI CORESET of different cells may be fully or partially overlapped in frequency domain, especially when the channel bandwidth is small. That means the overlap probability of RMSI CORESETs between different cell is can be very large in NR.
Additionally, in the coverage limited case, DMRS power boosting may be used to improve channel estimation of PDCCH, and when overlap happens, the boosted DMRS symbols of one cell would be interfered by boosted DMRS symbols of neighbour cells, resulting no gain of power boosting on channel estimation.
Therefore, at least for RMSI CORESET, considering the inter-cell interference of DMRS, it is also necessary to introduce the DMRS RE shift to allow the network to employ DMRS power boosting for better channel estimation. Regarding to shift design, one straightforward way is to introduce the RE shift based on the PCID, which is similar as CRS in LTE. Based on the proposal, it is recommended to revise the PDCCH DMRS generation formulation in TS38.211 as shown below. 
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Proposal: At least for RMSI CORESET, a frequency shift based on PCID for the DMRS mapping is recommended to be introduced.
3. Conclusions 
In this contribution, we discussed the PDCCH DMRS shift, the following proposal is made:
Proposal: At least for RMSI CORESET, a frequency shift based on PCID for the DMRS mapping is recommended to be introduced.
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