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1 Introduction

Based on the outcome of the study item on latency reduction [1], the followings are recommended to be supported for the design of DMRS for sPUSCH: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed.

In this contribution, we provide our views on the UL DMRS design for the 2os sTTI transmissions in terms of supported comb-based multiplexing and cyclic shift based multiplexing.
2 Discussion
For uplink sTTI transmissions, DMRS multiplexing/sharing can be used to reduce the DMRS overhead. With the same frequency allocation, the DMRS of different UEs can be multiplexed on the same SC-FDMA symbol by using different cyclic shifts. In order to keep the scheduling flexibility, different UEs can be allocated with different frequency resources, where part of their frequency allocation is overlapped, as shown in Figure 1. DMRS multiplexing should also be supported in this partially overlapped frequency allocation case to reduce the DMRS overhead, and at the same time, keep the scheduling flexibility.

2.1 UL-DMRS Sharing for sPUSCH users

Typically, UEs are expected to share bandwidth in an overlapping fashion. When this is the case, it is possible to separate reference signals via cyclic shifts of a ZC sequence.  However, when the UEs do not share exactly the same bandwidth, DRMS separation via cyclic shift becomes impossible as the shifted sequences are not orthogonal anymore. 

A UL DMRS comb structure answers the problem of sharing DMRS with partially overlapping bandwidth allocation between UEs.  Different combs in the frequency domain maintain orthogonality and ZC sequence can still be used for each comb, separating UEs using the same comb, as done with the sounding reference signal. 

During the FD-MIMO enhancements (eFD-MiMO) work item [2], a comb with repetition factor 2 (RPF2) was introduced. 
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Figure 1: Example of IFDMA-based DMRS multiplexing for UE 1 with 2-symbol sPUSCH and UE 2 with 3-symbol sPUSCH

2.2 UL-DMRS Design considerations

2.2.1 Comb depth considerations

To introduce IFDMA-based DMRS transmission, the use of the comb has to be signaled. Alternatively, the DMRS can be configured to always use one type of comb (e.g. Ncomb=2 comb depth) and no signaling would be needed. 
2.2.1.1 Channel estimation error

To assess the channel estimation performance for comb based DMRS, we have simulated the impact on mean square error (MSE) for combed ZC sequence-based pilots tones, using different comb sizes and bandwidths.  

In Figure 2, the MSE performance for channel estimation at different comb sizes are shown. For all curves, there are 8 flows of data which are split over combs and cyclic shift separated layers. That is to say a 2-comb uses 4 cyclic shifts, 4-comb uses 2 cyclic shifts and 8-comb 1 shift. It can be seen that combs of size 2 and 4 are performing similarly or closely to a system with no comb, while combs 8 perform worse at SNR of interests for high data rate users. The MSE error consists of errors due to thermal noise, inter layer interference as well as interpolation error. 

To isolate the amount of error due to interpolation and inter-layer interference, a second simulation was done where we computed the estimation error only for the comb symbols. In this simulation, there is thus no interpolation error. The same setup of 8 flows was used. Therefore, the comb 8 curve can be seen as a case with no inter-layer interference (perfect orthogonality between layers) since there is only 1 layer transmitted in each comb index. The simulation result is shown in figure 3. One can see that the largest error overall comes from comb 8 with comb 4 coming second. Comb 2 and 1 show equal performance. When there is no interpolation error the combs 1, 2 and 4 perform equally. Comb 8 performs markedly better, due to the absence of inter layer interference with only 1 layer per comb. 

Based on this simulation the following observation ca be made:

Observation 1 The more combs that are used, the more the channel estimation is impacted mainly due to increased interpolation errors. Specifically comb 8 shows a noticeable increased error floor.   
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Figure 2: Estimation error for different comb size on the EVA channel
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Figure 3: isolated interpolation and inter layer interference error contribution to the channel estimation error on the EVA channel

2.2.1.2 Number of available resources

Another issue with comb-based DMRS is the amount of available cyclic shifts for layer separation. For a DMRS symbol of duration N, a frequency domain comb with separation Ncomb means that in the time domain, the DMRS symbol is repeated Ncomb times over the N samples. This is illustrated in Figure 4. This also means that the periodicity of the cyclic shift is divided by Ncomb 
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Figure 4: Aliasing due to the use of a RPF=2 comb
The impact of the comb size to the amount of available cyclic shift is summarized in Table 1 and Table 2.  Depending on the channels assumed for sTTI, different comb sizes can be chosen. If the 3 channel models (ETU, EPA, EVA) are to be supported by sTTI, while the system must be able to handle 2 layers and at least three TTI sharing a DMRS, the minimum cyclic shift separation is 4. Such separation leaves at least 3 available cyclic shifts in a given comb. A comb of size 8 will not have enough separation to allow a second layer without crosstalk between the allocated cyclic shift over all channel models.  A comb of size 4 will allow 3 cyclic shift values with good separation.

Observation 2 Large comb sizes lead to limited amount of available cyclic shift values if protection against the same channel delay spread is to be supported.
Proposal 1 Support IFDMA-based DMRS multiplexing for sPUSCH transmissions
Proposal 2 Consider using comb sizes 2 and 4 for UL DMRS
Table 1: Minimum cyclic shift distance for different comb sizes and channel models
	Ncomb
	EPA (0.41us)
	EVA(2.51us)
	ETU(5.0us)

	1
	1
	1
	1

	2
	1
	1
	2

	4
	1
	2
	4

	8
	2
	4
	8


Table 2: Available cyclic shifts for different comb sizes and channel models
	Ncomb
	EPA (0.41us)
	EVA(2.51us)
	ETU(5.0us)

	1
	12
	12
	12

	2
	12
	12
	6

	4
	12
	6
	3

	8
	6
	3
	1


2.2.2 Power Boosting

Given that combing effectively divides the usage of resource by the RPF, more power is available per subcarrier. This power should be used to boost the transmitted DMRS subcarriers to make up for the loss of channel estimation accuracy due to the downsizing of DMRS by a factor of 1/RPF. The boost shall then be of exactly 10*log10(RPF) dB, e.g. 3 dB for RPF=2 and 6dB for RPF4. The power boosting should also be used to compensate for the loss of channel estimation accuracy.

2.3 IFDMA-based DMRS multiplexing for sPUSCH transmission
The IFDMA-based DMRS multiplexing schemes discussed above for FD-MIMO can also be used for sPUSCH transmissions, in case multiple UEs are scheduled with partially overlapped frequency allocations. Based on the discussion in Section 2.2.2, in order to keep good channel estimation for sPUSCH transmission, it is recommended to consider comb sizes of 2 and 4 for DMRS multiplexing in uplink sTTI operations. The power boosting should also be used to compensate for the loss of channel estimation accuracy. 
The signaling of comb-based DMRS multiplexing for sPUSCH transmissions needs to be considered. Given the support of 2 layers and the amount of multiplexing expected not to exceed three DMRS resources at one symbol location the current solution for addressing the legacy DMRS (3 DCI bits) could be revisited for optimization.

Observation 3 Signaling of IFDMA-based DMRS multiplexing needs to be considered for sPUSCH transmissions

Observation 4 For sTTI, the DCI CS field for UL DMRS can be reduced for overhead reduction

Proposal 3 Consider introducing a revised, smaller CS field for UL DMRS cyclic shift signalling in DCI
3 Conclusion

In section 2 we made the following observations:
Observation 1
The more combs that are used, the more the channel estimation is impacted mainly due to increased interpolation errors. Specifically comb 8 shows a noticeable increased error floor.
Observation 2
Large comb sizes lead to limited amount of available cyclic shift values if protection against the same channel delay spread is to be supported.
Observation 3
Signaling of IFDMA-based DMRS multiplexing needs to be considered for sPUSCH transmissions
Observation 4
For sTTI, the DCI CS field for UL DMRS can be reduced for overhead reduction


Based on the discussion in section 2 we propose the following:
Proposal 1
Support IFDMA-based DMRS multiplexing for sPUSCH transmissions
Proposal 2
Consider using comb sizes 2 and 4 for UL DMRS
Proposal 3
Consider introducing a revised, smaller CS field for UL DMRS cyclic shift signalling in DCI


4 References

[1] TR 36.881,
Study on latency reduction techniques for LTE.

[2] RP-160623, WID - Enhancements on Full-Dimension (FD) MIMO for LTE 

[3] R1-1608603, Downlink control signaling design to support IFDMA based DMRS, Huawei, HiSilicon, 3GPP TSG-RAN WG1 #86bis, Lisbon, 2016.

[4] R1-1609849, On RPF, Control Signalling, and Power Boosting for UL DMRS, Ericsson, 3GPP TSG-RAN WG1 #86bis, Lisbon, 2016.


[image: image5.png]time

1 OFDM symbol



