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Introduction
In RAN1 NR Ad-Hoc, it was agreed that RS is transmitted together with data for grant-free UL transmission in URLLC scenarios. And legacy LTE channel structure is the starting point for DMRS design [1]. 
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
In this contribution, we will discuss the considerations on DMRS design for a SPS-based grant-free transmission. The DMRS capacity limitation and optimization is analyzed and evaluated.
DMRS design discussion
For SPS-based grant-free transmission, multiple UEs can share the same time-frequency resource pool to improve spectral efficiency. The multiplexed UEs generally need orthogonal DMRS to meet performance requirements. Consequently, the number of multiplexed UEs is limited by the capacity of orthogonal DMRS. Since the overhead of DMRS should be considered, 2 DMRS symbols out of 14 OFDM symbols are an acceptable start point. To accommodate multiple UEs in 2 DMRS symbols, following options can be considered:
1. A comb pattern is used to divide REs in one symbol into DMRS RE groups. And each UE occupies a group of REs to transmit its DMRS. In this way, the DMRS of multiplexed UEs are orthogonal to guarantee the accuracy of channel estimation and related measurements.
2. ZC sequence with different cyclic shifts is used to accommodate multiple UEs’ DMRS in the same OFDM symbol. In this way, the channel impulse response (CIR) of multiplexed UEs is effectively delayed and can be separated in time domain, which facilitates channel estimation and measurements.

In Figure 1, the aforementioned two options are illustrated with 4 UEs multiplexed on each DMRS symbol. The DMRS of 4 UEs are plotted with 4 colors/mixed gray in 2 options, respectively. Please note that the location of DMRS in Figure 1 follows legacy LTE design, which is an example only. For URLLC, DMRS may be put on the first 2 OFDM symbols.
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[bookmark: _Ref477508324]Figure 1 Comb pattern based DMRS (left) and ZC sequence with cyclic shift based DMRS (right)
If the comb pattern based DMRS is used, for a target UE, the channel estimation on its occupied REs is obtained at first. Then interpolation/extrapolation is used to estimate channel on other unoccupied REs. If the subcarrier space gets larger (e.g., 60 kHz or above) with higher carrier frequency applied, it would be difficult to use this comb pattern based DMRS to retrieve CSI on unoccupied REs due to the insufficient granularity to sample the frequency selective fading.
ZC sequence-based DMRS, however, is capable to overcome this problem with its fully-occupied subcarriers. To guarantee the channel estimation accuracy, the channel impulse response of multiple UEs should be separable in time domain. The number of UEs that can be supported on one DMRS symbol is determined by two factors: (1) symbol duration and (2) maximal delay spread of channel impulse response. 
Proposal 1: ZC sequence based DMRS is more suitable for multiplexed UEs, especially when the subcarrier space is relatively large. 
In Figure 2, an example is given to illustrate the design constraint: channel impulse responses (in amplitude) of 4 and 8 multiplexed UEs with evenly-spaced cyclic shifts are plotted for comparison. It is clearly shown that the channel impulse response of 4 multiplexed UEs is separable in the time domain (in one OFDM symbol duration). On the contrary, the channel impulse response of 8 multiplexed UEs overlaps with each other, which will largely degrade the accuracy of all UEs’ channel estimation.
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Figure 2 Comparison of 4/8 UEs’ channel impulse response: with 60 kHz subcarrier, TDL-C, ZC sequence with length of 48, evenly-spaced cyclic shifts for multiplexed UEs
Observation 1: The capacity of ZC sequence based DMRS is determined by symbol duration and maximal delay spread of channel impulse response. 








To improve the capacity of ZC sequence based DMRS, orthogonal cover code (OCC) can be used together with cyclic shift [2]. In this example, a pair of OCC [+1 +1] and [+1 -1] is applied for odd/even cyclic shifts on 2 DMRS symbols, respectively. For a specific UE with cyclic shift , its original DMRS sequence is denoted by .  is the length of DMRS sequence, which is set to 48 in current example. If no OCC is used, then 2 identical sequences (i.e., ) are transmitted on 2 DMRS locations. If OCC is used, its transmitted DMRS becomes for an odd , or for an even . At the receiver, the 2 DMRS symbols are combined with corresponding OCC at first. Then local base ZC sequence compensation and IFFT to time domain is performed on the combined DMRS. Since the subcarrier space is large, the fluctuation of channel on 14 continuous OFDM symbols is relatively small. With this assumption, the channel estimation obtained from a combined DMRS is applicable for the whole TTI with 14 OFDM symbols. 
In Figure 3, an example is given on comparison of channel estimation accuracy with/without OCC. There are 8 UEs multiplexed on each DMRS symbol with evenly-spaced cyclic shifts. Without loss of generality, UE#1 with cyclic shift of zero is used to illustrate the benefit of OCC. If no OCC is applied (the upper row in Figure 3), the channel impulse response of all UEs overlaps and some weak paths are excluded in time domain windowing operation. As a result, the estimated channel (denoted by “estimated H” in blue line) deviates from the reference channel (denoted by “ref H” in red line). Some high frequency components are lost and interference from neighbouring UEs further deteriorates the channel estimation accuracy. If OCC of UE#1 (common for even cyclic shifts, i.e., 0/2/4/6) is applied (the lower row in Figure 3), the channel impulse response of UEs with odd cyclic shifts (i.e., 1/3/5/7) is cancelled after OCC combining. As a result, the time window for UE#1 is larger than that in the w/o OCC case and a relatively complete channel impulse response is obtained after time windowing operation. The estimated channel (denoted by “estimated H” in blue line) matches well with the reference channel (denoted by “ref H” in red line).
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Figure 3 Comparison of channel estimation with/without OCC: 60 kHz subcarrier, TDL-C, ZC sequence with length of 48, even spaced cyclic shifts for 8 UEs
Observation 2: The application of OCC together with cyclic shifts can improve the capacity of ZC sequence based DMRS.
As shown by the previous example, the application of OCC together with cyclic shifts is helpful in capacity improvement. However, if the number of multiplexed UEs is large, the length of 2 OCC used in the example may not be enough. Intuitively, more DMRS symbols are needed to facilitate the usage of longer OCC at the cost of overhead. Nevertheless, it is also possible to use longer OCC over time-invariant TTIs, if the subcarrier space is set large enough and related processing delay is acceptable. 
Conclusion
In this contribution, the capacity limitation and optimization of ZC sequence based DMRS is analyzed and evaluated. Some observations based on the analysis are listed as below:
Proposal 1: ZC sequence based DMRS is more suitable for multiplexed UEs, when the subcarrier space is relatively large. 
Observation 1: The capacity of ZC sequence based DMRS is determined by symbol duration and maximal delay spread of channel impulse response. 
Observation 2: The application of OCC together with cyclic shifts can improve the capacity of ZC sequence based DMRS.
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