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1 Introduction
Current DMRS for both non-slot and slot are designed without specific considerations for ultra-reliability. In this contribution, we show the designs that are possible to enhance the reliability of URLLC. It is proposed to consider DMRS sharing of nearby HARQ/repeated transmissions [1]. Furthermore, reliable channel estimation for shared DMRS design is also discussed. Simulation results show 2dB gain over normal DMRS design. 
2 DMRS sharing
When non-slot is applied to URLLC, DMRS overhead becomes very high, especially multiple transmissions are performed via HARQ or repetition. It is straightforward to consider ways to reduce DMRS overhead to provide more resources for URLLC data. Considering that repetition would be applied on URLLC DL to achieve reliability requirement, if the repeated URLLC non-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 non-slot. One example is illustrated in Figure 1. For a pre-configured time window, say, 0.5ms, the DMRS is only transmitted in the initial 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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Figure 1 DL DMRS sharing for multiple URLLC transmissions
Observation 1: When repetition is applied to 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: The DMRS of a first DL URLLC transmission can be used by consequent DL URLLC transmission(s).

3 Reliability enhancement via shared DMRS 

In additional to repetition, early termination is also a common way to save system resource. As long as the UE has decoded data correctly, it would feedback an ACK to the gNB to stop the on-going repeated transmissions. This can obviously improve the link efficiency of repetition. If early termination is not supported for URLLC, the link efficiency of repetition would be very low, and gNB cannot stop the on-going repetition without knowing if UE has received it correctly or not. This would increase the possibility of traffic blocking, as other URLLC traffic has to wait until the scheduled on-going repetition is completed. 

Observation 2: If early termination is not applied to URLLC repetition, the probability of traffic blocking is increased, resulting in high outage ratio.

Assume that early termination is applied to URLLC repetition. It is desired that the repeated transmissions can be terminated as early as possible. In addition to the shared DMRS design which can reduce RS overhead and provides higher reliability from data perspective, channel estimation accuracy should also be considered, especially in poor SINR region. Here we show a quick example on number of transmissions vs channel estimation (CE) accuracy. Both ideal CE and realistic CE are considered. RS overhead is the same for both cases. TBS = 32 byte, RB is fixed at 11, and SINR is -5dB.
Table 1 Successful decoding probability

	# of transmissions
	Successful decoding rate for ideal CE
	Successful decoding rate for realistic CE

	1
	96%
	56%

	2
	99.3%
	95.60%

	3
	100%
	99.27%

	4
	100%
	99.80%

	5
	100%
	99.92%

	6
	100%
	99.96%

	7
	100%
	99.98%


It can be seen that with the same number of transmissions, ideal CE provides higher reliability realistic CE. As a result, in order to decode data successfully, CE accuracy also plays a very important role. We have made following observation:

Observation 3: If good CE accuracy is obtained at the very beginning of all repeated transmissions, higher reliability can be achieved with the same amount of repetitions.
Shared DMRS provides the opportunity to obtain good CE at the very beginning. It is possible to allocate more DMRS resources periodically, while omitting some DMRS resources within repeated transmissions. A comparison of shared DMRS design and normal DMRS design in repetition is shown in Figure 2. It can be seen that for the shared DMRS design, DMRS density is unevenly distributed among each repetition. While for normal design, DMRS density is evenly distributed. CE accuracy is improved gradually together with the increased number of repetitions.
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Figure 2 For shared DMRS, high density DMRS is distributed into different places
We provide link level simulations to see the benefit of the uneven design over the even design, as illustrated in Figure 3. TDL-A, 300ns DS, 140kmph are assumed. Packet size = 32 byte, TTI length = 7OS. For uneven design, DMRS density is tripled in the initial transmission, and it is shared among following three repetitions. Same uneven DMRS pattern is repeated periodically. For traditional design, DMRS density is same in all repeated transmissions. In all simulations, different DMRS density is achieved via setting different DMRS power densities. Other key simulation assumptions are shown in Appendix.
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Figure 3 Uneven DMRS provides higher reliability than traditional DMRS
Since uneven DMRS provides very good CE at the very beginning, its reliability is improved significantly than the normal case where CE is improved gradually. Under the same SINR at -6 dB, reliability of uneven DMRS can achieve 99.999% reliability within 1ms, while for even DMRS, its reliability is below 99.99%. Moreover, uneven DMRS provides 1.5dB SINR gain over even DMRS when same reliability is achieved. 
Observation 4: Higher reliability can be achieved via uneven DMRS. 1.5dB SINR gain is obtained over current DMRS design.
Proposal 2: Study and consider uneven DMRS design for URLLC.

4 Conclusion
In this contribution, we consider the DMRS enhancements to achieve higher reliability. The following observations and proposals are made:
Observation 1: When repetition is applied to URLLC transmission, it is possible to further reduce URLLC RS overhead by DMRS sharing of the initial URLLC transmission and repeated URLLC transmission.

Observation 2: If early termination is not applied to URLLC repetition, the probability of traffic blocking is increased, resulting in high outage ratio.

Observation 3: If good CE accuracy is obtained at the very beginning of all repeated transmissions, higher reliability can be achieved with the same amount of repetitions.
Observation 4: Higher reliability can be achieved via uneven DMRS. 1.5dB SINR gain is obtained over current DMRS design.

Proposal 1: The DMRS of a first DL URLLC transmission can be used by consequent DL URLLC transmission(s).

Proposal 2: Study and consider uneven DMRS design for URLLC.
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Appendix

Table 2 Link level simulation assumptions
	Bandwidth
	20MHz

	SCS
	60kHz

	TTI
	7 symbols

	Packet size
	QPSK 32byte

	Modulation
	QPSK

	Number of RBs per TTI
	11

	Antenna
	2T2R

	UE velocity
	140km/h

	Maximum number of retransmissions
	6

	Channel model
	TDL-300ns


