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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Regarding DMRS design, it was agreed in RAN1 NR Ad-Hoc #2 [1] that:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported
· 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}.
· For downlink, UE can be informed about the first DMRS position of the PDSCH:
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
Regarding the length of mini-slot, it has been agreed in RAN1#87 [2] that
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 
Based on these agreements as well as different performance requirements on latency and reliability for URLLC, some specific considerations on DMRS should be considered. In this contribution, we provide our general considerations on DMRS design for URLLC slot-based and symbol-based transmissions. 
In this following, the design of DM-RS associated with URLLC use cases is discussed in terms of DMRS pattern and RS sharing between control and data channel.	
Consideration on DMRS mapping positions
Low latency is one of the initial URLLC related KPIs. For example, as defined in 38.913[3], the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. To achieve such a low latency, it is very beneficial if the receiver can process the received signal as early as possible, rather than buffer a certain number of OFDM symbols before processing. This requires earlier mapping of DMRS within the transmission interval for URLLC. For example, the reference signals and necessary control signals should be mapped at the beginning of the time interval. To sum up, a front-loaded DMRS configuration should be adopted for URLLC use cases for both UL and DL in either symbol-based or slot-based frame structure operations.
Moreover, for UL grant-free transmission, gNB does not have prior information about which UEs will transmit, and DMRS can be applied for UE identification before decoding the data [4]. From latency point of view, front-loaded DMRS is also preferred for UL grant-free transmissions.  
Proposal 1: Front-loaded DMRS should be supported for both UL and DL URLLC.
To reduce overall overhead of DMRS for DL control and data channel, it has been introduced in companion contribution [5] that DMRS sharing may be considered for control and data in DL URLLC, especially in cases when only 2 symbols are scheduled for mini-slot. In this case the shared DMRS is expected to be present in the first symbol. While in mini-slot transmission of more than 2 symbols, DMRS for control and data channel can also be designed independently. For example, DMRS for data channel can be mapped in the second symbol. In a word, whether the location of front-loaded DL DMRS for URLLC should be fixed or not depends on whether DMRS sharing will be considered for control and data in URLLC.
Proposal 2: The symbol location of front-loaded DMRS for URLLC PDSCH can be adaptive, depending on whether PDSCH shares DMRS with PDCCH.
Consideration on DMRS pattern design 
It has been agreed in [1] the two categories of front-loaded DMRS configurations for both 1 symbol and 2-symbol cases. In these candidate patterns, multiple frequency densities of DMRS ports are considered to cater for different reliability requirement. URLLC can reuse the agreed front-loaded DMRS while some extensions/constraints may be considered. 
For instance, 2-symbol mini-slot transmission has been agreed for URLLC. Given the limited number of symbols in the mini-slot settings for URLLC, DMRS pattern within one symbol is more appropriate to make good tradeoff between channel estimation quality and RS overhead. 
As also shown in the companion paper [5], there could be some cases where CORESET inside an URLLC resource allocation for an UE may be used for PDCCH transmission for some other UE. In this case, besides the DMRS transmitted in the first symbol, DMRS should be transmitted in the second symbol in PRBs which are overlapped with the resource in CORESET not used for the same UE.  
In the following we provide evaluation results to investigate BLER performance of 1-symbol-patterns. Based on the agreed DMRS patterns in Ad-Hoc #2 meeting, both CDM across adjacent REs and non-adjacent REs are supported for DMRS pattern mapped in 1 symbol. Fig.1 shows the two DMRS patterns for URLLC mapped in 1 symbol. In these patterns for up to 2 orthogonal ports, DMRS ports are multiplexed with CDM2 in frequency.
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Fig. 1 Candidate DMRS patterns for URLLC
To meet the RAN requirement on low latency, another effective method is to use larger SCS, e.g., 60 kHz, for URLLC. However, when larger SCS is employed, performance loss due to de-spreading of DMRS ports will require special attention. That’s because the channels of CDM-ed REs can be quite different, which in turn affects orthogonality of DMRS ports. In this case, to achieve more de-spreading gain, CDM across adjacent REs (pattern in Alt.1) might be the preferred multiplexing scheme when designing DMRS pattern since the orthogonality between non-adjacent CDMed REs is more sensitive to the channel frequency selectivity. As shown in simulation section, with larger SCS, CDM across adjacent REs outperforms CDM across non-adjacent REs such as comb-like pattern with CS in frequency domain.
In the following section, we compare the performance of DMRS patterns shown in Fig. 1. Without loss of generality, patterns with 1 or 2 orthogonal ports will be analyzed and simulated in this subsection. In the simulations, TBS of 32 Bytes is considered, and carrier frequency of 4GHz and sub-carrier spacing of 15 kHz and 60 kHz are simulated. For 15 kHz, transmission with 2-symbol slot is considered, while 7-symbol slot is assumed for 60 kHz. Other simulation assumptions are provided in Appendix.
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Fig. 2 performance of DMRS patterns with different multiplexing schemes and densities
[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK16]In Figs. 2, we provide the BLER performance of all the DMRS patterns as shown in Fig. 1. As can be seen, the required reliability of URLLC (BLER=10-5) can be guaranteed by the aforementioned DMRS patterns. For 15 kHz SCS, almost the same performance can be observed between different patterns. Besides, when 60 kHz SCS is employed, the performance of adjacent REs based CDM-2 outperforms the discrete REs based CDM-2. This is mainly because the orthogonality between non-adjacent CDM-ed REs is more sensitive to the channel frequency selectivity. Based on the figures and analysis, we can obtain the following observation and proposal,
Observation 1: The performance of consecutive REs based CDM-2 (Alt.1) is better than discrete REs based CDM-2 (Alt.2) when 60 kHz SCS is employed, with about 0.6dB gain @ BLER of 10-5.
DL DMRS sharing for multiple URLLC transmissions
Considering that repetition would be applied on URLLC DL to achieve reliability requirement, if the repeated URLLC mini-slot’s resource allocation is the same as the initial transmission, it is also possible to use the channel estimation results from the DMRS of initial transmission for the repeated URLLC mini-slot transmission, where DMRS is not included in that mini-slot. This would further reduce the RS overhead for URLLC mini-slot, when repetition is applied. One example is illustrated in Figure 3. For a pre-configured time window, say, 0.5ms, the DMRS is only transmitted in the first transmission. For the repeated transmissions within that time window, DMRS is no longer transmitted. All transmissions’ channel estimation is performed upon the first transmitted DMRS. It is also noted that similar DMRS sharing scheme can be performed on HARQ based transmission as well, as long as multiple HARQ transmissions are within the same time window, only the first transmission contains DMRS. The DMRS is used for channel estimation for all the rest transmissions within that time window.
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Fig. 3 DL DMRS sharing for multiple URLLC transmissions
Observation 2: When repetition is applied for URLLC transmission, it is possible to further reduce URLLC RS overhead by DMRS sharing of the initial URLLC transmission and repeated URLLC transmission.
Proposal 3: The DMRS of a first DL URLLC transmission can be used by consequent DL URLLC transmission(s).
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some considerations on reference signals for demodulation of URLLC use cases. In summary, the following observation proposals are obtained.
[bookmark: _GoBack]Proposal 1: Front-loaded DMRS should be supported for both UL and DL URLLC.
Proposal 2: The symbol location of front-loaded DMRS for URLLC PDSCH can be adaptive, depending on whether PDSCH shares DMRS with PDCCH.
Observation 1: The performance of consecutive REs based CDM-2 is better than discrete REs based CDM-2 when 60 kHz SCS is employed, with about 0.6dB gain @ BLER of 10-5.
Observation 2: When repetition is applied for URLLC transmission, it is possible to further reduce URLLC RS overhead by DMRS sharing of the initial URLLC transmission and repeated URLLC transmission.
Proposal 3: The DMRS of a first DL URLLC transmission can be used by consequent DL URLLC transmission(s).
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Appendix
Link-level simulation assumptions for Fig. 2
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A, 1000/300ns

	Subcarrier Spacing
	15kHz/60KHz

	TBS
	32 Bytes

	UE speed
	3km/h

	Ant. Config.
	(M, N, P, Mg, Ng)= (1, 1, 2, 1, 1)  (dV, dH) = (0.5, 0.5)λ;
(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)

	Total port number
	1(Fig.2-a)/2 (Fig.2-b)

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate
	16QAM; 1/3 CR
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