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[bookmark: _Ref129681832]Regarding DMRS design, it was agreed in RAN1 NR Ad-Hoc #2 [1] that:
· 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
· 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 
Regarding additional DMRS for non-slot based scheduling, it was agreed in #90bis [3] that
· For the 2-symbol non-slot based scheduling, no additional DMRS can be configured
· For the 4-symbol non-slot based scheduling, no additional DMRS can be configured
· For the 7-symbol non-slot based scheduling, one additional DMRS can be configured
· FFS: Location of the front-loaded DMRS  
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 some detailed 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 [4], 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 [5]. 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.
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. 
Limited symbol number is considered for non-slot based scheduling and transmission. For instance, 2/4/7-symbol non-slot based scheduling has been agreed. 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. Moreover, for non-slot based scheduling, higher rank transmission is unnecessary, so DMRS pattern with 1 symbol is enough. Based on analyses above, we have the following proposal.
Proposal 2: NR support only 1-symbol front-loaded DMRS for 2/4/7-symbol non-slot based scheduling.
Furthermore, in case of 2 or 4 symbols non-slot-based transmission/scheduling. Consider the very limited symbol numbers in this scheduling, DMRS pattern with lower density is more appropriate. Therefore it is expected that NR should fix the configuration type to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling.  
Proposal 3: NR should only support DMRS of type 2 for 2/4-symbol non-slot based scheduling.
Another open issue is to further study that whether a UE will be configured with the same DMRS configuration type for slot-based and non-slot-based transmission scheduling. Based on the assumption that slot-based and non-slot-based transmission scheduling may have different transmission requirement, e.g. high order MU-MIMO transmission for eMBB in the slot based scheduling, while higher reliability for URLLC traffic with non-slot based scheduling, the preferred DMRS configuration type may be different for the two kinds of scheduling. Therefore, DMRS configuration type should be configured independently/separately for slot based and non-slot based scheduling.
Proposal 4: DMRS type should be configured separately for slot based and non-slot based scheduling.
DMRS sharing
DMRS sharing between PDCCH and PDSCH
Both PDSCH and PDCCH need high reliability for URLLC and it is believed that PDSCH for URLLC should also use single port transmission for high reliability. Hence, it can be assumed that PDSCH and PDCCH DMRS ports are QCLed and it is feasible to share DMRS port between PDCCH and PDSCH. To reduce overall overhead of DMRS for DL control and data channel, especially for URLLC with duration of 2 or 4 symbols, it is beneficial for PDSCH sharing DMRS from PDCCH as analyzed in companion contribution [6]. The two sharing cases are:
· Case 1: When mapping DMRS associated with PDSCH to resource elements, all REs contained in CORESET will be skipped in OS0, and all REs located within the frequency range of CORESET will be skipped in OS1. 
· Case 2: DMRS associated with PDSCH is completely not mapped to REs in OS1, and the DMRS associated with PDCCH is used for demodulation of PDSCH. 
In some cases, not all the resources in the CORESET is used by transmitting PDCCH. The unused resources in the CORESET can be used for data. For demodulation of the data transmitted in the CORESET, DMRS for PDCCH can be used especially when the DMRS is configured to be the wideband RS in the CORESET. Alternatively, gNB can configure the data transmitted in CORESET to use DMRS for PDCCH or DMRS for PDSCH as analyzed in companion contribution [6]. 
In addition, there could be some cases as well 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 as analyzed in companion contribution [6].  
However, in the case of sharing DMRS is not used, e.g., in case of transmission scheme for PDCCH is different from that for PDSCH, DMRS for control and data channel can also be designed independently. For example, DMRS for data channel within the CORESET that is expected to be mapped in the first symbol can be shifted onto 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 5: The symbol location of front-loaded DMRS for URLLC PDSCH can be adaptive, depending on whether PDSCH shares DMRS with PDCCH.
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 Fig. 1. 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.
[image: ]
Fig. 1: DL DMRS sharing for multiple URLLC transmissions
Observation 1: 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 6: 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.
Observation 1: 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 1: Front-loaded DMRS should be supported for both UL and DL URLLC.
Proposal 2: NR support only 1-symbol front-loaded DMRS for 2/4/7-symbol non-slot based scheduling.
Proposal 3: NR should only support DMRS of type 2 for 2/4-symbol non-slot based scheduling. 
Proposal 4: DMRS type should be configured separately for slot based and non-slot based scheduling.
Proposal 5: The symbol location of front-loaded DMRS for URLLC PDSCH can be adaptive, depending on whether PDSCH shares DMRS with PDCCH.
Proposal 6: The DMRS of a first DL URLLC transmission can be used by consequent DL URLLC transmission(s).
[bookmark: _GoBack]
References
[bookmark: _Ref167612671][bookmark: _Ref488341697][bookmark: _Ref167612875]3GPP, “RAN1 Ad-Hoc #2 Chairman’s Notes”, Qingdao, China, 27-30 June, 2017.
[bookmark: _Ref488341710][bookmark: _Ref473098227][bookmark: _Ref480132714]3GPP, “RAN1 #87 Chairman’s Notes”, Nevada, USA, November 14-18, 2016.
3GPP, “RAN1 #90bis Chairman’s Notes”, Prague, CZ, 9-13 October 2017.
[bookmark: _Ref488341725]3GPP Technical Report 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”.
[bookmark: _Ref488341788]Huawei, HiSilicon, “UE identification and HARQ combining for grant-free transmissions”, R1-1709992, RAN1#Adhoc, Qingdao, China, June 27-30, 2017.
[bookmark: _Ref488341797]Huawei, HiSilicon, “PDCCH reliability for URLLC”, R1-1709986, Qingdao, China, 27-30 June 2017.

image1.png
RBs transmitted
w/ DMRS

RBs transmitted
w/o DMRS

et

0.5ms




