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1. Introduction
In RAN1#86 meeting, there were simulation results provided for UL non-orthogonal multiple access (MA) with both ideal and realistic channel estimation. As for realistic channel estimation, it is closely related to DM-RS assumptions. In this contribution, we share some views on DM-RS for UL MA, especially some possible DM-RS features which may benefit the LDS (low density spreading) type of MA. 
2. Discussion on UL DM-RS
The LDS (Low Density Spreading) type of MA is a kind of UL non-orthogonal MA scheme. Some proposed MA schemes including (but not limited to) LDS-CDMA [1], SCMA [2], PDMA [3], IGMA [4] and LDS-SVE [5] fall into the category of LDS. Figure 1 shows an example of LDS type of user multiplexing, where 12 users are multiplexed within 4 RBs. For illustration convenience, hereafter we assume that the numerology follows LTE. LDS is formed by letting colored REs carry signals and leaving white REs empty. For DM-RS, one way could be reusing the LTE/LTE-A design, i.e., DM-RS occupies 4th and 11th OFDM symbols as shown by the yellow color. DM-RS of different users can be distinguished by the orthogonality of DM-RS sequences and/or OCC (Orthogonal Cover Code).
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Figure 1 LTE type of DM-RS multiplexing
In [5], a type of RB-sparse LDS is proposed which is also shown in Figure 2 for 12-user multiplexing. The difference of LDS patterns comes from how signature vectors or sparse codes are mapped onto physical REs. Take a type of signature vector [s1, 0, s2, 0] as an example, where “0” means empty. If a block of such signature vectors are mapped following the LTE convention, i.e., in increasing order of first the subcarrier index and then the OFDM symbol index, RE-sparse LDS as in Figure 1 will be obtained; Otherwise, if they are mapped in increasing order of first the RB index, then the subcarrier index and third the OFDM symbol index, RB-sparse LDS as in Figure 2 will be achieved. For RB-sparse LDS, from a single user perspective, some RBs are completely empty and corresponding DM-RS are not needed in those RBs. Therefore, RB-sparse LDS could have a different DM-RS multiplexing per user as shown by the yellow color. In this case, DM-RS of different users can be distinguished by RB mapping as well as the orthogonality of DM-RS sequences and/or OCC.
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Figure 2 RB-sparse DM-RS multiplexing
For each user, the number of DM-RS REs in Figure 2 is half of that in Figure 1. Therefore, RB-sparse DM-RS in Figure 2 would need a higher energy per RE (EPRE) to achieve the same total energy as the LTE type of DM-RS in Figure 1. 
For LTE type of DM-RS, DM-RS from all the 12 users will collide or overlap within each RB as shown in Figure 1. Whereas, DM-RS from only 6 users collide with each other for RB-sparse DM-RS in Figure 2. It can be observed that the benefit of LDS on collision/interference reduction remains when LDS is used also for DM-RS. 
When considering grant-free transmission, not necessarily the case that all the users need to transmit simultaneously. Therefore, blind detection will be required to determine the activity of users, and it could be based on DM-RS. Take DM-RS multiplexing in Figure 1 and Figure 2 as an example. For LTE type of DM-RS, DM-RS will always collide if two or more users are performing transmission. However, there will be no collision for RB-sparse DM-RS in some cases where only two users are transmitting e.g., if user 1 and user 12 are performing transmission.
Above all, the following observation can be obtained.

Observation 1: RB-sparse DM-RS has fewer DM-RS collisions than that of LTE type of DM-RS.
When DM-RS collide, channel estimation of different users can be distinguished by the orthogonality of DM-RS sequences and/or OCC. To preserve the orthogonality among users, the sequence length of RB-sparse DM-RS will be shorter than that of LTE. Taking Figure 2 as an example, the DM-RS sequence will have a length of one RB to guarantee the orthogonality of users on a per RB basis. In contrast, LTE type of DM-RS can have a sequence length of four RBs. 
Observation 2: The sequence length of RB-sparse DM-RS is shorter than that of LTE type of DM-RS.
For grant-free transmission, there could be possibilities that UEs have different payload sizes, e.g., due to different measurement outputs of sensors. This is illustrated in Figure 3 where different users have different number of data blocks. In this case, RB-sparse DM-RS can also facilitate the blind detection of block sizes. Once BS detects that DM-RS for a certain UE exists within a RB, it means that RB has been used for data transmission. In this way, the BS can potentially perform blind detection of variable data sizes for different UEs. Within each RB, the orthogonality of DM-RS still holds.
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Figure 3 Variable data size multiplexing
Observation 3: RB-sparse DM-RS can potentially provide BS the ability to blindly detect variable data sizes.
From the above observations, RB-sparse DM-RS has the potential to relieve collisions and can still keep the orthogonality when a collision occurs. Also it may facilitate the BS to blindly detect variable data sizes. Therefore, RB-sparse DM-RS can also be considered for LDS type of MA.
Proposal 1: RB-sparse DM-RS can be studied for LDS type of multiple access.
Basically, the above discussed DM-RS multiplexing still follows CDM (Code Division Multiplexing) principles as in LTE. There could be other DM-RS multiplexing choices for new MA. For example, Figure 4 shows a FDM (Frequency Division Multiplexing) type of DM-RS for the RB-sparse LDS structure where DM-RS REs are labelled with a black color. By separation in frequency domain, DM-RS collisions are completely avoided which may benefit user activity detection and channel estimation. RB-sparse LDS is helpful to reduce the number of FDM multiplexed users per RB.
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Figure 4 RB-sparse FDM DM-RS multiplexing
When multiplexing DM-RS in the FDM manner as Figure 4, there will be much fewer DM-RS REs than that of LTE since most REs have been left empty. In this case, it seems to be more necessary to let RB-sparse DM-RS have a higher energy per RE than that of LTE type of DM-RS. For the energy per RE issue discussed in Figure 2 and Figure 4, the following can be observed.
Observation 4: RB-sparse DM-RS may need a higher energy per RE than that of LTE type of DM-RS.
Based on all the above discussions, we give the following proposal.
Proposal 2: Both CDM and FDM can be considered for multiplexing DM-RS.
3. Conclusion
With more users simultaneously accessing the system, there will also be more DM-RS multiplexed within the allocated resources. In this contribution, we share some views on possible UL DM-RS features for LDS type of multiple access. A type of RB-sparse DM-RS is discussed and compared with LTE DM-RS. The major observations are summarized below.
Observation 1: RB-sparse DM-RS has fewer DM-RS collisions than that of LTE type of DM-RS.
Observation 2: The sequence length of RB-sparse DM-RS is shorter than that of LTE type of DM-RS.
Observation 3: RB-sparse DM-RS can potentially provide BS the ability to blindly detect variable data sizes.
Observation 4: RB-sparse DM-RS may need a higher energy per RE than that of LTE type of DM-RS.
Based on the observations, we give the following proposals.
Proposal 1: RB-sparse DM-RS can be studied for LDS type of multiple access.
Proposal 2: Both CDM and FDM can be considered for multiplexing DM-RS.
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