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1. Introduction

As reference signal for NR, DMRS design related issues were discussed and following agreements and working assumptions are captured at the RAN1#89 meeting [1].

Agreements at the RAN1#89 meeting:
- Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
▪ FFS: Necessity of reduced DMRS density in additional DMRS symbols
Working Assumptions at the RAN1#89 meeting:
- UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
▪ Front-load DMRS Configuration 1: Supports up to 8 ports
▫ IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

∙ One OFDM symbol: 

∙ To be down selected to 1 Alt:

∙ Alt 1: Comb 2 + 2 CS, up to 4 ports

∙ Alt 2: Comb 4 + 2 CS, up to 8 ports

∙ Two OFDM symbols: 

∙ To be down selected to 2 Alts:

∙ Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

∙ Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

∙ Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
▪ Front-load DMRS Configuration 2: Supports up to 12 ports
▫ FD-OCC pattern with adjacent REs in the frequency domain

∙ One OFDM symbol: 

∙ To be down selected to 1 Alt:

∙ Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

∙ Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

∙ Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
∙ Two OFDM symbols: 

∙ 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
∙ 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
▪ FFS: DMRS pattern before configuration, e.g., SIB1
In this contribution, we will discuss considerations on DMRS pattern configuration for NR based on above agreements and working assumptions, and provide our views.

2. DMRS pattern configuration for NR
As agreed at RAN1#89 meeting, FD-OCC pattern with adjacent REs in the frequency domain is used for front-load DMRS configuration 2. Similar to reference signal design in LTE (e.g. CSI-RS, DL DM-RS), CDM group based pattern design can be considered for the front-load DMRS configuration 2.
For LTE, the maximal 4 orthogonal DL DMRS ports for all MU-MIMO UEs (the maximal 2 orthogonal DL DMRS ports per UE) are supported. However, the maximal 12 orthogonal DL DMRS ports for all MU-MIMO UEs (the maximal number of orthogonal DL DMRS ports per UE is not decided but it can be increased) can be supported for NR. Therefore, it should be considered for the CDM group based pattern design. 
For example, total 6 CDM groups (if only 2-FD-OCC is applied for one OFDM symbol or two OFDM symbols) or total 3 CDM groups (if both 2-FD-OCC and 2-TD-OCC is applied for two OFDM symbols, CDM 4) can be considered as below.
1) total 6 CDM groups in the cases that CDM2 (= only 2-FD-OCC) is applied
    - CDM group A: DMRS antenna port #1, #2
    - CDM group B: DMRS antenna port #3, #4
    - CDM group C: DMRS antenna port #5, #6
    - CDM group D: DMRS antenna port #7, #8
    - CDM group E: DMRS antenna port #9, #10
    - CDM group F: DMRS antenna port #11, #12
2) total 3 CDM groups in the cases that CDM4 (=both 2-FD-OCC and 2-TD-OCC) is applied

    - CDM group A: DMRS antenna port #1, #2, #3, #4
    - CDM group B: DMRS antenna port #5, #6, #7, #8
    - CDM group C: DMRS antenna port #9, #10, #11, #12
Within a each CDM group, OCC can be applied to distinguish DMRS antenna ports as described in Figure 1((a) CDM2 with only 2-FD-OCC, (b) CDM4 with both 2-FD-OCC and 2-TD-OCC). For CDM4 with both 2-FD-OCC and 2-TD-OCC, the OCC application could be different between even number mappings of CDM group and odd number mappings of CDM group in frequency domain to solve power balancing issues in a symbol.
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Figure 1. Examples of OCC mapping within a each CDM group for NR DMRS
Among CDM groups, each CDM group has different REs by FDM and/or TDM manner as described in Figure 2((a) CDM2 with only 2-FD-OCC, (b) CDM4 with both 2-FD-OCC and 2-TD-OCC). Each CDM group can be repeated with in a PRB which depends on its overhead. 

For front-load DMRS Configuration 2 as agreed at RAN1#89 meeting, CDM2 with only 2-FD-OCC as described in Figure 2 (a) could be used for following cases. For one OFDM symbol case for front-load DMRS Configuration 2, there are 3 alternatives as the RAN1#89 meeting agreements. Among 3 alternatives, it seems to be better for supporting the number of antenna ports as more as possible with in an OFDM symbol if the past DMRS decoding is considered. Therefore, Alt. 1 is more reasonable. Furthermore, for the case of more than 2 or 4 antenna ports, both one OFDM symbol configuration and two OFDM symbol configuration are possible if Alt. 1 is adopted. It is more flexible, but Alt. 2 or Alt. 3 is not (e.g. only two OFDM symbol configuration are possible for more than 2 antenna ports in Alt. 3).
- One OFDM symbol:
 ▪ Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
- Two OFDM symbols:
▪ 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
On the other hand, CDM4 with both 2-FD-OCC and 2-TD-OCC as described in Figure 2 (b) could be used for following case.
- Two OFDM symbols:
▪ 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
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Figure 2. Examples of NR DMRS pattern among CDM groups (only for front-loaded DMRS)

For high Doppler scenario, additional DMRS can be configured. For example with CDM2 with only 2-FD-OCC, only front-loaded DMRS is configured for low mobility environment as described in Figure 2-(a). For medium mobility environment, one additional DMRS can be configured as described in Figure 3-(b). For high or very high mobility environment with considerations of highway and high speed train, two additional DMRS can be configured as described in Figure 3-(c).

[image: image3.emf](a) Medium mobility (2-FD-OCC) (b) High or very high mobility (2-FD-OCC)
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Figure 3. Examples of NR DMRS pattern among CDM groups (with additional DMRS)

For DMRS overhead reduction, it can be applied with granularity of CDM group to have full flexibility. For each DMRS configuration - front-loaded DMRS, additional DMRS #1 and additional DMRS #2, the overhead can be defined with granularity of CDM group, i.e., how many times is each CDM group repeated with a PRB. the value of granularity can be 0 for all DMRS configurations within a slot if DMRS bundling in time domain is applied, and 0 for additional DMRSs if only front-loaded DMRS is configured for low mobility environment. For example with Figure 4, the value of DMRS overhead granularity is 1 for front-loaded DMRS, 1 for additional DMRS #1, and 1 for additional DMRS #2.
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Figure 4. Examples of overhead reduction for NR DMRS (T-CDM2)

Proposal 1:
CDM group based DMRS pattern mapping should be introduced for NR DMRS
 - 6 CDM groups for CDM2 with only 2-FD-OCC in following cases

▪ One OFDM symbol:

▫ Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

▪ Two OFDM symbols:

▫ 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
- 3 CDM groups for CDM4 with both 2-FD-OCC and 2-TD-OCC in following cases

▪ Two OFDM symbols:

▫ 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
- DMRS overhead reduction could applied with granularity of CDM group for each DMRS configuration for front-loaded DMRS, additional DMRS #1 and additional DMRS #2.
3. Conclusion

In this contribution, we discussed considerations on NR DMRS pattern configuration, and provide our views with following our proposal.
Proposal 1:
CDM group based DMRS pattern mapping should be introduced for NR DMRS
 - 6 CDM groups for CDM2 with only 2-FD-OCC in following cases

▪ One OFDM symbol:

▫ Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

▪ Two OFDM symbols:

▫ 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
- 3 CDM groups for CDM4 with both 2-FD-OCC and 2-TD-OCC in following cases

▪ Two OFDM symbols:

▫ 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
- DMRS overhead reduction could applied with granularity of CDM group for each DMRS configuration for front-loaded DMRS, additional DMRS #1 and additional DMRS #2.
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