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Discussion
1 Introduction
There are some remaining issues for PDSCH DMRS. In this contribution, we provide the analysis and the corresponding evaluation results for the following 3 issues,
· Whether the power boosting on DMRS is feasible
· Power imbalance between DMRS symbols under 4-port multiplexing
· Additional DMRS symbol number and the location 
And finally, our proposals are given.
2 Whether the power boosting on DMRS is feasible 
There is a WF [1] proposed in previous meeting to consider power boosting on DMRS, when DMRS and data are not FDMed. For downlink, it is FFS on whether the power boosting is allowed when only the front loaded DMRS is configured.
DMRS type 2 is used for our evaluation, since the power boosting level is higher than that by type 1, as shown in Fig. 1. There are three cases for performance comparison
· One front loaded DMRS symbol, with power boosting

· One front loaded DMRS symbol, without power boosting

· One front loaded DMRS symbol and one additional DMRS symbol, without power boosting

The power boosting case has the highest coding rate among the three cases. For the case with one additional DMRS symbol, the interpolation in time domain can further improve the channel estimation accuracy.

Fig. 2 shows the performance comparison for MCS=19. We don’t see any performance difference. The MCS=2 performance is shown in Fig. 4. The power boosting on the front loaded DMRS symbol can actually improve the performance, as shown in red curve. However, the performance difference from the case with one additional DMRS symbol as shown in purple curve is quite small.
As the residual CFO is considered, which is shown in Fig. 3 and Fig. 5 for MCS=19 and 2 respectively, the performance degradation is very significant when only the front loaded DMRS symbol is configured. The additional DMRS symbol for time domain interpolation can actually compensate the impact of residual frequency offset. 
Observation 1: The gain of performing power boosting on the front loaded DMRS symbol is very limited, as compared to the case of configuring one additional DMRS symbol 

Observation 2: The performance is vulnerable to the residual frequency offset when only the front loaded DMRS symbol is configured. Instead, as one additional DMRS symbol is configured, the time domain interpolation can actually compensate the impact of residual frequency offset 

Proposal 1: The power boosting by borrowing the power from other REs on DMRS symbol is not considered in NR
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         Fig. 1, power boosting level for two DMRS types           
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 Fig. 2, bundling=2, MCS=19, 1 layer, 12TX          Fig. 3, bundling=2, MCS=19, 1 layer 
                                                  100Hz residual CFO, 12TX
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 Fig. 4, bundling=2, MCS=2, 1 layer, 12TX            Fig. 5, bundling=2, MCS=2, 1 layer, 

                                                   200Hz residual CFO, 12TX
3 Power imbalance between DMRS symbols under 4-port multiplexing 
The 4-port multiplexing on the reference signal can happen when TD-OCC {1,1} and {1, -1} are configured. Consider that the cyclic shift of DMRS type 1 is to apply {1, 1} and {1, -1} for two ports in frequency domain, then for the two DMRS types, the spreading sequences for the 4 ports can be expressed in Fig. 6 and 7 respectively.
It can be observed that, at the first DMRS symbol, the multiplexing of 4 ports is through either [+1 +1 +1 +1] or [+1 -1 +1 -1] on the RS, and at the second DMRS symbol, it is through either [+1 +1 -1  -1] or [+1 -1 -1 +1] on the RS. Note that [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 +1 -1 -1] and [+1 -1 -1 +1] are the sequences of OCC=4.
Let’s further check the 4-layer codebook defined in 36.213. Fig. 8 and 9 show the codebook for 8Tx and FD-MIMO configuration 2, respectively. We see that, for each antenna port belonging to the same polarization, the precoder elements of the 4 layers can be expressed as [ a b a b]. For each antenna port belonging to another polarization, the precoder elements of the 4 layers are written as [ a b –a –b].
Then through the multiplexing, we see that,
· +1*a + 1*b -1*a -1*b = 0;  +1*a -1*b -1*a +1*b = 0

· +1*a + 1*b +1*-a +1*-b = 0;  +1*a -1*b +1*-a -1*-b = 0
The above shows that the transmission power could be zero either at first DMRS symbol or at second DMRS symbol from each antenna port. Therefore the 4-port multiplexing has induced power imbalance between different DMRS symbols.
A solution to achieve power balance between different symbols can be seen at Fig. 10 and 11. The red and green blocks are iteratively exchanged as compared to Fig. 6 and 7. By doing so, it is equivalent to apply OCC=4 on each DMRS symbol for 4-port multiplexing case.
We can define the spreading sequences of 4 ports and specify p’= 0, 1, 2 and 3. The actual antenna port p, where p= 0~7 and p=0~11 for DMRS type 1 and type 2, has the same spreading sequence as that in one of p’.
The spreading sequences of 4 ports for DMRS type 1 and 2 are shown in TABLE I and II, respectively. The complex-valued modulation symbols for DMRS type 1 and 2 is further expressed below.
For type 1:
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And for type 2:
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Observation 3: Proper spreading sequence design is needed to achieve power balance between different DMRS symbols

Proposal 2: For 4-port multiplexing with TD-OCC, the sequences of OCC=4 can be applied to each DMRS symbol to achieve power balance  

[image: image11.jpg]RE

15t DMRS symbol ~ 2nd DMRS symbol

11
10 +1-1+1-1]] +1-1-1+1
9
8 +1+1+14+1)] +1+1-1-1
6 +1-1+1-1]] +1-1-1+1
5
4 +1+1+1+1)] +1+1-1-1
3
2 +1-1+1-1]] +1-1-1+1
1
0 +1+1+141)] +1+1-1-1
symbol Vv |y ¥V ¥ ¥\

P'=0 =g p'=2p=3P’=0 Pl p’=2 p

>
’=3



    [image: image12.jpg]RE

15t DMRS symbol

2nd DMRS symbol

11
10
9
8
7 | #1-1+41-1]]| +1-1-141
6 | +1+1+1+1| +141-1-1
5
1
3
2
1] +1-1+41-1)) 411141
0 | +1+1+1+1]| +1+1-1-1
[ [\ .
symbol 2 ‘1'0 p¢ : pxzjl 3p¢ 0 : 1 i’=2 \f)’=3




  Fig. 6, spreading sequence on type 1         Fig. 7, spreading sequence on type 2
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            Fig. 8, 4-layer 8TX codebook 
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           Fig. 9, 4-layer FD-MIMO configuration 2 codebook
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 Fig. 10, modified spreading sequence on type 1     Fig. 11, modified spreading sequence on type 2
                    TABLE I, proposed spreading sequences for 4 ports on type 1
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TABLE II, proposed spreading sequences for 4 ports on type 2
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4 Additional DMRS symbol number and the location
One additional DMRS symbol is actually needed to cover up to the highway speed. For much higher speed, for example the high speed train case, the question is how many additional DMRS symbols are needed.
Increasing the DMRS symbol number will also increase the coding rate. It also doesn’t guarantee that the improved channel estimation accuracy can actually surpass the coding rate loss.
As such, the simulation is conducted to check the performance when 2, 3 and 4 DMRS symbols are configured. For the speed up to 500Km/hr and carrier frequency at 4GHz, the corresponding Doppler shift is 1850Hz. If the carrier frequency is reduced to 2.7GHz, the Doppler shift is 1250Hz for 500Km/hr speed. Note that in LTE, the performance requirement defined for Rel-14 HST case is targeted on 350Km/hr at 2.7GHz, and the corresponding Doppler shift is 875Hz.

The TDL_E model is applied in the simulation. Fig. 12 shows the performance under Doppler=1250Hz and SCS=30KHz. The case of 2 DMRS symbols suffers serious performance degradation. It is interesting to see that the performance of 3 DMRS symbols is slightly better than that by configuring 4 DMRS symbols. As the Doppler is increased to 1850Hz, as shown in Fig. 13, the performance by configuring 4 DMRS symbols is better.
Fig. 14 shows the performance under Doppler=875Hz and SCS=15KHz. There is no significant performance difference between configuring 3 and 4 DMRS symbols. And in Fig. 15, Doppler=200Hz under SCS=15KHz is simulated. It is interesting to see that the configuration of 2 DMRS symbols has the best performance. This is the case that the improved channel estimation accuracy doesn’t compensate the coding rate loss.
Having more DMRS symbols will impact the allocation of other reference signals, such as TRS and CSI-RS. The setting of Doppler=1850Hz, in our view, is a corner case. We don’t think that the performance at Doppler=1850Hz can conclude the need of using 4 DMRS symbols. The allocation of other reference signals is more critical.

In our design, the first additional DMRS can be allocated at symbol 11, which is aligned with the last symbol location in SS block in a 14-symbol slot. The second addition DMRS can be allocated at symbol 7. The index starts from 0.

Observation 4: Having more DMRS symbols will impact the allocation for other reference signals, such as TRS and CSI-RS

Proposal 3: Apply 3 DMRS symbols for high speed train scenario, at symbol 2, 7 and 11 for 14-symbol slot. The index starts from 0 
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    Fig. 12, SCS=30KHz, Doppler=1250Hz          Fig. 13, SCS=30KHz, Doppler=1850Hz
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   Fig. 14, SCS=15KHz, Doppler=875Hz           Fig. 15, SCS=15KHz, Doppler=200Hz
5 Conclusion
Based on the above, we have

Observation 1: The gain of performing power boosting on the front loaded DMRS symbol is very limited, as compared to the case of configuring one additional DMRS symbol 

Observation 2: The performance is vulnerable to the residual frequency offset when only the front loaded DMRS symbol is configured. Instead, as one additional DMRS symbol is configured, the time domain interpolation can actually compensate the impact of residual frequency offset 

Observation 3: Proper spreading sequence design is needed to achieve power balance between different DMRS symbols

Observation 4: Having more DMRS symbols will impact the allocation for other reference signals, such as TRS and CSI-RS

Proposal 1: The power boosting by borrowing the power from other REs on DMRS symbol is not considered in NR

Proposal 2: For 4-port multiplexing with TD-OCC, the sequences of OCC=4 can be applied to each DMRS symbol to achieve power balance  

Proposal 3: Apply 3 DMRS symbols for high speed train scenario, at symbol 2, 7 and 11 for 14-symbol slot. The index starts from 0 

6 Reference
[1] R1-1711722
  [image: image23.emf]
