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[bookmark: _Ref481749371]Introduction
In this contribution, implications of introducing block TD-OCC to increase the number of DMRS ports are primarily studied.
Mapping and multiplexing of time-domain DMRS for PUSCH
PAPR and auto-correlations when using block TD-OCC
The design of time-domain DMRS for DFT-spread PUSCH allocations on  subcarriers have so far been focused on deriving base sequences, , that are to be DFT-spread and mapped onto a 2-comb subcarrier structure. However, the way of mapping the DFT-spread DMRS to the combs have not been decided.
One way of mapping the DFT-spread base sequences on the 2-comb is to first apply the -point DFT to  and then map the resulting sequence in a comb-fashion. This mapping will be like rel-15 in the sense that a length- sequence (ZC or QPSK) will be mapped on subcarriers associated with one of the combs. 
Another way of mapping the DFT-spread base sequences on the 2-comb is to directly apply the -point DFT to concatenated base sequences, either (first comb) or (second comb). Evidently, forming the time-domain DMRS sequences in this way is equivalent to apply a block TD-OCC of length-2 to . 
The length-2 block TD-OCC can readily be extended to length-4 block TD-OCC by partitioning a base sequence in to two sub-blocks, , and then apply a length-4 block TD-OCC on , i.e.
               First comb:       “port 0”,      “port 1”,
           Second comb:  “port 2”,      “port 3”.
When using TD-OCC, it is desirable that base sequences are designed such that all sequences after block TD-OCC result in low PAPR and acceptable auto-correlation properties. One can notice that PAPR and circular auto-correlations of “port 0” will (basically) be the same as  whereas “port 1”, “port 2” and “port 3” will not.
In Figure 1, length-4 block TD-OCC is evaluated with respect to maximum PAPR and circular auto-correlations for the proposed length-6 CGS in [2] and for the agreed CGS of length-12, length-18 and length-24 in [1]. The PAPR is here determined with same spectrum shaping as assumed in [1][2]. 
From Figure 1, one can observe that all sequences result in low PAPR (i.e. roughly 2 dB or lower) after block TD-OCC is applied. One can also observe that the CGS have been tailored in its design, with respect to circular auto-correlations, for transmissions on “port 0”. For the considered CGS, the auto-correlations seem to be worse for “port 1”, most pronounced for the length-6 CGS. Given the relatively poor auto-correlations of these CGS in conjunction with TD-OCC, one may consider to either revise the agreed CGS or not support block TD-OCC, i.e. only specify the single port 0 for this operation.
The auto-correlations of CGS in [1] [2] have been tailored in the design towards port 0 transmissions.
With block TD-OCC, the auto-correlation properties can significantly differ between ports.
In Appendix 5.2, CGS of length 6 and 12 are designed taking into account the block TD-OCC structure and Figure 2 shows that the auto-correlations of time-domain DMRS sequences after block TD-OCC can be significantly improved if the block TD-OCC is considered already in the CGS design.

The auto-correlations of sequences mapped on port 1, port 2 and port 3 can be significantly improved if multiple ports are supported by a block TD-OCC and if this is considered in the CGS design.
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[bookmark: _Ref111254]Figure 1. Per port sample power-to-average power ratio (PAPR) and circular autocorrelation (no 0 lag) for length-6 GCS in [2] and for the agreed CGS of length-12, length-18 and length-24 in [1]. 
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[bookmark: _Ref527656]Figure 2. Per port sample power-to-average power ratio (PAPR) and circular autocorrelation (no 0 lag) for the GCS in Appendix 5.2.
Orthogonality via block TD-OCC and dispersive channels
The mapping of block TD-OCC sequences on the frequency grid follows directly from two basic DFT properties:  and . 
In case of length-4 block TD-OCC, with
and ,
it can readily be shown that the sequences mapped on the frequency grid can be expressed as

where
  and .
Hence, port 0/1 have zero values for odd  whereas port 2/3 have zero values for even , i.e. mapping to respective comb. It can be noticed that taking the DFT of the base sequence  yields .
Orthogonality in time-domain transforms into orthogonality in frequency-domain as
.
Hence, intra-comb orthogonality can only be preserved in cases when channels have flat spectrum over the whole PUSCH allocation. A consequence of this is that intra-comb orthogonality is not guaranteed after spectrum shaping.
Intra-comb orthogonality via block TD-OCC requires channel flatness over the whole PUSCH allocation.
Intra-comb orthogonality via block TD-OCC is not guaranteed after spectrum shaping.
With  referring to the FD spectrum shaping (likely different across UE vendors) and  to the channel coefficients associated with port , the filtered signal can readily be expressed in frequency domain as
.
In Figure 3, the normalized correlations  (noise induced by port 0 on port 1) are determined for the length-24 CGSs in [1] under the assumption that  and that  corresponds to a TDL-A channel model ( channel realizations).
From this figure, it can be observed that the intra-comb non-orthogonality induced by FDSS and dispersive channels results in significant SNR saturations, even when the channel delay spread is small such as 30ns. It can further be observed that the impacts of FDSS and channel filtering depends on the sequence within the CGS set.
Although significant SNR saturations, in scenarios with very low SNR operation levels, such as those addressed by DFT-spread DMRS in [1] (10% BLER at roughly -7.5 dB SNR), the impairments due to intra-comb non-orthogonality would be small in comparisons to the noise level. 
The impacts of intra-comb non-orthogonality due to spectrum shaping and dispersive channels could be small given the SNR (noise) level in which pi/2-BPSK will be considered.
In other words, the DMRS design is for UEs in very low SNR scenarios and will likely not perform well if multiple ports are used above 0 dB SNR operation points. One can question whether to support MU-MIMO in scenarios with highly power limited UEs in which overlaid PUSCH can evidently degrade the BLER performance with several dBs [2].
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[bookmark: _Ref709818]Figure 3. Normalized intra-comb correlations after FDSS and channel filtering of the length-24 CGS [1].
On spectrum flatness of DFT-spread pi/2-BPSK DMRS for lengths≥30
It has been decided to reuse the Gold-31 PRBS for pi/2-BPSK DMRS for PUSCH allocations above 4 RBs. In [3], it was shown that PRBS seeds can result in sequences with poor auto-correlations, which turned out to degrade the BLER significantly (4 dB or more). Based on these observations, it was proposed to select sets of 30 sequences with good auto-correlation properties also when DMRS sequences are derived from PRBS, up to possibly 8 RB allocations. 
Figure 5 depicts the circular auto-correlations (non-zero lags) of the good PRBS, “Set 1”, and the poor PRBS, “Set 3”, in [3] for 8 RB allocations. It can be observed from this figure that sequences from Set 3 have indeed worse overall auto-correlations than sequences from Set 1, although the differences are not very large.
The importance of DMRS spectrum flatness on BLER performance was also pointed out in [5] in the design of CGS. However, good overall auto-correlations (spectrum flatness) was not a design objective for the selection of the agreed CGS in [1], as can be observed from the analysis of the agreed CGSs shown in the figures of Appendix 6.3.
Spectrum flatness of DFT-spread pi/2-BPSK DMRS was not a design objective for CGS decision at RAN AH1901, so imposing spectrum flatness for a PRBS design is hard to motivate.
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Figure 4. Auto-correlation comparisons of pi/2-BPSK DMRS based on good/poor PRBS sets [3].
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Appendix
Cross-correlations of CGS after block TD-OCC
Figure 5 shows that block TD-OCC have small impacts on the per port cross-correlations of the CGS.
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[bookmark: _Ref1041250] Figure 5. Per port circular cross-correlation for length-6 GCS in [2] and for the agreed CGS of length-12, length-18 and length-24 in [1]. 


[bookmark: _Ref966016]CGS derived by considering block TD-OCC
[bookmark: _Ref535580094][bookmark: _Ref535580071]Table 1. Length-6 CGS for 8-PSK, .
	Index
	
	Index
	

	0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
	    ' 3  7 -3 -7  5 -1'
    '-1 -3 -7 -3 -1  3'
    '-1  5 -7  5  1 -5'
    ' 7  3 -1  5 -7 -5'
    ' 5 -1  3 -1 -5  1'
    '-5  1  5 -7  5 -1'
    '-5  7 -5  7  3  7'
    '-1 -5  5  1  7 -5'
    ' 1  5 -5 -1 -7  5'
    '-3  1 -5 -1  5  1'
    '-3  1  7  3 -3 -7'
    ' 3  5 -7  7  3 -1'
    ' 1  5 -1 -5  1 -3'
    '-5  7  3 -1  1  5'
    ' 1 -3  1  5  1  5'
	15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
	    ' 1  5  1  5 -7  5'
    ' 1 -5  7  3  7 -3'
    '-1  3  5  1 -3 -5'
    ' 7  3 -1  3  5 -7'
    ' 3 -7 -3 -7  3 -1'
    ' 3 -1 -5 -7 -3 -1'
    '-3 -7  5 -1  3  7'
    '-1  3  7  3 -1 -5'
    '-1  3  5 -7  5  1'
    ' 5  7 -5  1 -3 -7'
    ' 7 -3 -7 -3  1 -5'
    '-7  3  7 -5  5  5'
    ' 1 -1 -5  7 -7 -3'
    ' 5 -1  3  7  3 -7'
    ' 7  3 -3 -7 -3  3'




Table 2. Binary CGS of length-12 for pi/2-BPSK DMRS
	Index
	
	Index
	

	0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
	    '0  1  1  1  1  1  0  1  1  1  0  0'
    '0  0  1  1  1  0  1  1  1  1  1  0'
    '1  0  0  0  0  1  0  0  0  0  1  1'
    '0  0  0  0  1  1  1  0  0  1  0  1'
    '0  0  1  1  1  1  1  0  0  0  0  1'
    '1  1  0  1  1  0  1  1  1  1  0  1'
    '0  1  1  1  0  0  1  0  0  0  0  0'
    '0  1  0  1  0  0  1  0  0  1  0  0'
    '0  0  1  0  0  1  1  1  1  1  0  1'
    '1  0  0  1  0  1  1  1  0  0  0  0'
    '0  1  0  0  0  0  1  0  0  1  0  0'
    '0  1  1  0  1  0  1  1  0  0  0  0'
    '1  1  1  1  0  0  1  0  0  0  0  1'
    '0  1  0  0  0  1  0  0  1  0  0  0'
    '0  0  0  0  1  0  0  0  1  0  0  1'
	15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
	    '0  0  0  0  1  1  1  0  1  0  0  1'
    '1  0  0  1  0  1  0  0  1  0  1  1'
    '0  1  1  1  1  0  0  0  1  0  1  1'
    '0  0  1  0  1  1  1  0  1  0  0  1'
    '1  0  0  0  1  1  1  0  1  0  0  0'
    '1  0  1  1  0  1  1  1  1  0  0  0'
    '0  1  1  0  1  1  1  0  1  1  1  1'
    '1  1  1  1  1  0  1  1  0  0  0  1'
    '0  0  0  1  0  1  0  0  1  1  1  0'
    '1  1  0  0  0  1  1  1  1  1  1  0'
    '0  1  1  1  0  0  1  0  1  0  0  0'
    '0  1  1  0  1  1  1  0  1  0  1  1'
    '0  1  1  1  0  1  0  0  0  1  0  0'
    '0  1  0  1  1  0  1  1  1  1  0  0'
    '0  0  1  0  0  0  0  1  0  0  0  1'



[bookmark: _Ref959626]Spectrum flatness of agreed CGS
The circular auto-correlations (non-zero lags) of the agreed CGSs are depicted in Figure 6, and compared to the corresponding auto-correlations of proposed length-12 CGS in [4] and of length-18 and length-24 CGS in [6]. It can be observed that the agreed sets of CGS include sequences with extremely poor overall auto-correlation properties, as well as that sequences within the sets show large variance in auto-correlation behavior. Hence, the agreed CGS address scenarios where overall good auto-correlation properties (spectrum flatness) of DMRS are not crucial.
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[bookmark: _Ref970213][bookmark: _Ref963298]Figure 6. Auto-correlation CDFs of agreed CGS [1] and CGS in [4] (length-12) and in [6] (length-18 and 24).
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