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Introduction
The agreements on demodulation RS for NR-PDCCH and data channels in RAN1 NR Ad-Hoc#2 are as follows:
	Agreements for NR-PDCCH DMRS:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate
· The DMRS density is the same on all REGs
Agreements for data DMRS:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed



In this contribution, we discuss further details on DMRS for NR-PDCCH focusing on its pattern, scrambling ID, and relation with data DMRS.

Discussion
Relation between NR-PDCCH DMRS and data DMRS
Before detailed discussion on the NR-PDCCH DMRS structure, one thing to be clarified is the relation between the PDCCH DMRS and the data DMRS. In the last two RAN1 meetings, two DMRS configuration types for the front-loaded DMRS were agreed to be supported. Their patterns are generated based on either IFDM or FD-OCC in the one symbol case and can be extended to two symbols by the combination with TD-OCC. Then, a following question is whether to apply these patterns to the PDCCH DMRS as well.
For the case of short duration PDSCH scheduling, the PDCCH can be self-contained within the PDSCH symbol(s). For example, consider a short duration DL scheduling based on 2-symbol mini-slot as shown in Fig. 1. Assume a case that the PDCCH is mapped on the first symbol and the PDSCH is scheduled on both symbols. Consequently, the PDCCH and the PDSCH are FDM-ed in the first symbol. In this case, there are three options in the location of the PDSCH DMRS. The first option is to map the PDSCH DMRS in the second symbol to all PRBs (Fig. 1(a)), and the second option is to map the PDSCH DMRS in both the first and the second symbols (Fig. 1(b)). The last option is to map the PDSCH DMRS in the first symbol outside the PDCCH subband and reuse the PDCCH DMRS in the demodulation of the PDSCH symbols in the PDCCH subband. The last option is described in Fig. 1(c).



Fig. 1. Options for PDSCH DMRS for 2-symbol PDSCH

A main purpose of using a short mini-slot, e.g., 1~2 symbols PDSCH/PUSCH, in below 6GHz is to support URLLC transmissions. NR should provide at least a very tight latency requirement for the URLLC use case. In this regard, the first two options are not desirable because UE should pend PDSCH demodulation until the channel estimation for the second symbol DMRS is finished. Furthermore, short duration PDSCH may have small TB size compared to long duration PDSCH. In general, the smaller the TB size, the more sensitive the link performance to the DMRS overhead. In this point, Option 3 is expected to provide better link performance than others due to reduced RS overhead.
On the other hand, according to Option 3, only 1-port transmission schemes are allowed for the PDSCH under the assumption that the NR-PDCCH does not support SU-MIMO. But a single layer transmission may not be sufficient in the case of PDSCH even with small TB sizes. If multi-layer transmission is to be supported for short duration PDSCH, how the 1-port PDCCH and multi-port PDSCH share the same DMRS needs to be studied.
Proposal 1: At least for UE-specific search space, PDCCH and PDSCH can share the same DMRS.
Proposal 2: At least for UE-specific search space, a part of PDSCH DMRS pattern can be reused for PDCCH DMRS.

DMRS pattern
Based on the arguments in Section 2.1, at least one pattern should be shared by the PDCCH DMRS and the data DMRS. Between the DMRS configuration type 1 and 2, the type 2 pattern with one symbol and FD-OCC across adjacent REs in the frequency domain as depicted in Fig. 2 is more desirable for the PDCCH due to its smaller DMRS overhead. In our previous observations, up to 3 or 4 DMRS REs per REG provides sufficient channel estimation performance at least for 15kHz subcarrier spacing. Thus, the DMRS overhead of type 1 pattern, i.e., 6 REs per REG, may be too large, which can decrease the channel coding gain in particular at low CCE aggregation level.
Proposal 3: The DMRS pattern for NR-PDCCH is based on two FD-OCCs across two adjacent REs in the frequency domain, with the density of 4 REs per REG (Fig. 2).



Fig. 2. DMRS pattern for NR-PDCCH

DMRS scrambling ID
In LTE, the PDCCH DMRS, i.e., CRS, is scrambled with PCID for both common and UE-specific search space, while the EPDCCH DMRS can be scrambled with VCID. For NR, there is an agreement that the DMRS in at least one search space does not depend on RNTI or UE-ID. In the light of LTE, at least the two options, i.e., PCID and VCID, are available to determine the scrambling ID of the PDCCH DMRS. In our view, the CSS as well as the USS in NR-PDCCH should support coordinated multi-TRP transmission as mandatory. This feature is important especially in above 6GHz to minimize the beam failure probability. It is very difficult to indicate to a UE to change the DMRS scrambling ID during the transmission. Therefore, the DMRS for NR-PDCCH CSS should be based on the VCID.
Observation 1: Coordinated multi-TRP transmission should be supported in both PDCCH common and UE-specific search space to increase the link reliability.
Proposal 4: DMRS for common search space is based on VCID.

For the USS, the UE-ID and the VCID can be considered in the DMRS scrambling. This is related to the aforementioned issues, i.e., the relation between the USS DMRS and the data DMRS. If the USS and the data share the same DMRS pattern, then it is beneficial in addition to apply the same type of the DMRS scrambling ID to them considering the DMRS sharing and the inter-cell DMRS collision between control and data.
Observation 2: If the PDCCH USS and the data share the same DMRS pattern, it is beneficial in addition to apply the same type of DMRS scrambling ID to them.

Conclusion
In this contribution, we discussed further details on the DMRS for NR-PDCCH, from which the following observations and proposals are made:
Proposal 1: At least for UE-specific search space, PDCCH and PDSCH can share the same DMRS.
Proposal 2: At least for UE-specific search space, a part of PDSCH DMRS pattern can be reused for PDCCH DMRS.
Proposal 3: The DMRS pattern for NR-PDCCH is based on two FD-OCCs across two adjacent REs in the frequency domain, with the density of 4 REs per REG (Fig. 2).
Observation 1: Coordinated multi-TRP transmission should be supported in both PDCCH common and UE-specific search space to increase the link reliability.
Proposal 4: DMRS for common search space is based on VCID.
Observation 2: If the PDCCH USS and the data share the same DMRS pattern, it is beneficial in addition to apply the same type of DMRS scrambling ID to them.
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