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1. Introduction
In the RAN1 #57 meeting, the followings were agreed on PUSCH demodulation (DM) reference signal (RS) for uplink SU-MIMO:
· Same precoding for DM RS and PUSCH.

· Cyclic shift (CS) separation is the primary multiplexing scheme.

· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.
· Codes are {+1, +1} and {+1, -1}

The combination of CS and OCC separations to multiplex DM RS can only be very effective when the channel variation across the two RS is negligible, i.e., when low mobility UEs are scheduled without slot-level frequency hopping. However, there are some cases where PUSCH slot-level frequency hopping should be employed even for low to moderate mobility UEs due to the lack of channel feedback information for frequency-domain scheduling. Also, even though multi-layer transmission mainly targets low mobility users, it is worthwhile to support multi-layers in moderate to high mobility scenarios. In these scenarios, the OCC application over the two slots to further multiplex RS may not work very well. 

In this contribution, we discuss the issue of DM RS multiplexing in support of multi-layer MIMO transmission. In Section 2, we review the DM RS for PUSCH in the LTE Release 8 Specification and discuss the channel estimation problems in some scenarios. In Section 3, we discuss some issues on DM RS design for uplink MIMO transmission. Some preliminary link level simulation results are presented in Section 4 and conclusion is given in Section 5.
2. Channel Estimation Problems in LTE Release 8 PUSCH DM RS
Fig. 1 shows the PUSCH DM RS structure of LTE Rel. 8 for the normal cyclic prefix case. The DM RS is transmitted in one DFT-S-OFDM symbol in each slot occupying all the frequency domain resources scheduled for the UE. Therefore, the DM RS overhead is 1/7 and 1/6 for the normal and extended cyclic prefix cases, respectively.
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Figure 1: DM RS for uplink MIMO (Normal CP case)

Different cyclic shifts (CSs) can be used to multiplex the DM RS to support multi-layer MIMO transmission. With 12 cyclic shifts available in total, the maximum of the minimum spacing between cyclic shifts is given by 12/(number of layers). 
In the DFT-based channel estimation, as the number of layers increases, the minimum spacing between the channel impulse responses of multiple layers in the time domain shrinks and hence channel estimation quality can deteriorate. Some of the related issues were addressed in [1] and [2].

The channel estimation problem can be more severe if the slot-level frequency hopping is used or the mobility is not low enough. If the channel coherence time is shorter than the slot duration, the LTE Rel. 8 DM RS structure may not be able to capture channel variation across the subframe. Also, the frequency slot-hopping mode can be used to obtain frequency diversity when the channel-dependent frequency-domain scheduling is not available. In this case, only one DM RS is used to estimate the channel in all the DFT-S-OFDM symbols in the slot. Therefore, only the average channel of the slot can be estimated and therefore it can cause severe channel estimation performance loss especially when the mobility is moderate to high.

Therefore, an additional DM RS may be needed in the slot when the slot-level frequency hopping is used or the UE mobility is moderate to high. Issues related to multiple RS per slot have been discussed in [3] in the context of single-layer transmission for high mobility UE.
3. Some issues on DM RS design for Uplink MIMO transmission
As already mentioned in Section 2, the UE mobility and PUSCH frequency slot-hopping can affect the design of PUSCH DM RS in support of uplink MIMO transmission.
3.1. Low mobility and PUSCH frequency non-hopping mode user
In this case, the channel variation within the subframe may be negligible. Therefore, the OCC between the two DM RSs in the subframe can be used as a complementary multiplexing scheme to separate multiple layers. Tables 1 and 2 show the DM RS resource allocation options 1 and 2, respectively [1],[2]. 
In Option 1, cyclic shift CS1 is employed for layers 1 and 4, and cyclic shift CS2 for layers 2 and 3. In this option, the two layers using the same cyclic shift should be separated with the aid of the orthogonal covers across the two DM RS. Therefore, Option 1 cannot be used in the following two scenarios: a) PUSCH frequency slot-hopping, b) moderate to high UE speed.
Table 1 DM RS resource allocation: Option 1
	Cyclic Shift
	CS1
	CS2

	OCC 1 {+1,+1}
	Layer 1
	Layer 3

	OCC 2 {+1,-1}
	Layer 4
	Layer 2


In Option 2, different layers are assigned different cyclic shifts. An orthogonal cover code is employed for layers 1 and 3, and the other one for layers 2 and 4. All the layers can be separated by using the cyclic shift only in each slot and the orthogonal cover code can be used to improve the channel separation performance when the frequency hopping is not used and the UE mobility is low. 
Table 2 DM RS resource allocation: Option 2
	Cyclic Shift
	CS1
	CS2
	CS3
	CS4

	OCC 1 {+1,+1}
	Layer 1
	
	Layer 3
	

	OCC 2 {+1,-1}
	
	Layer 2
	
	Layer 4


However, for UEs with moderate to high mobility or in the frequency slot-hopping mode, the Option 2 still may not give good channel estimation performance. A new solution may be necessary in these cases. 
3.2. Moderate to high mobility or PUSCH frequency hopping mode user
In moderate to high mobility or frequency slot-hopping cases, the channel estimation using only one DM RS symbol in the slot would not be accurate enough especially in 4 layer transmission. Therefore, it is deemed necessary to consider introducing one more DM RS symbol in the slot as shown in Fig. 2 (normal CP case) and Fig. 3 (extended CP case). In the case of single-layer transmission, it may be possible to come up with new DM RS structures maintaining the same DM RS overhead as in LTE Release 8 (for example, the scheme given in [3]). However, in the case of multiple layer transmission, it would not be easy to obtain good channel estimation performance without increasing the DM RS overhead. Therefore, it seems inevitable to introduce one more DM RS in the slot doubling the DM RS overhead. The two types of the orthogonal cover code described in Section 3.1 can also be used for the two DM RS in each slot.
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Figure 2: DM RS for uplink MIMO (Normal CP case)
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Figure 3: DM RS for uplink MIMO (Extended CP case)
The two DM RS symbols in the slot can improve the channel estimation performance while decreasing the data transmission capacity due to the increased overhead. Therefore, the effect on the overall performance by the introduction of the two DM RS symbols in the slot should be carefully investigated through simulations.
4. Link level simulation results
In this section, preliminary link-level simulation results are presented to compare the BLER performance between the DM RS structures with one DM RS and two DM RS per slot. Simulation parameters are shown in Table 3. In the simulations, the same transport block size is used for both the one DM RS and two DM RS transmission schemes. 
Table 3 Link level simulation parameters
	Parameters
	Values

	Carrier frequency
	2 GHz

	Transmission BW
	20MHz

	Channel Model
	SCME Urban Micro

	Mobility
	3, 30 km/h

	Num. of codewords
	2

	Num. of PRB per CW
	2 (24 subcarriers)

	Num. of layers
	4

	Antenna configuration
	4x4

	MCS index
	5 (QPSK), 11 (16QAM)

	Channel estimation
	DFT-based

	Receiver
	MMSE


 Fig. 4 and 5 compare the BLER performance of the three structures with one DM RS without OCC (LTE Rel. 8), one DM RS with OCC [1], and two DM RS with OCC. The MCS index 5 (QPSK) and a mobile speed of 3km/h were used in both figures while slot-level frequency non-hopping and hopping were employed in Fig. 4 and 5, respectively. 
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Figure 4: BLER curves (MCS 5, QPSK modulation, 3km/h, Frequency non-hopping)
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Figure 5: BLER curves (MCS 5, QPSK modulation, 3km/h, Frequency slot-hopping)
Fig. 6 and 7 compare the BLER performances with the MCS index 11 (16 QAM) and the mobile speed 3km/h. It is found that the BLER of 0.1 is achieved by both the one DM RS and two DM RS structures with OCC if the slot-level frequency hopping is not employed. 
The two DM RS structure shows a 2 dB gain over the one DM RS structure at the BLER 0.1. However, if the frequency hopping is employed, the BLER of 0.1 can be achieved by the two-DM RS structure only.
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Figure 6: BLER curves (MCS 11, 16QAM modulation, 3km/h, Frequency non-hopping)
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Figure 7: BLER curves (MCS 11, 16QAM modulation, 3km/h, Frequency slot-hopping)
Fig. 8 and 9 show the BLER performances with he MCS index 11 (16 QAM) and the mobile speed 30km/h. It is seen that the one DM RS structure can barely meet the target BLER of 0.1 even in the non-frequency-hopping mode.
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Figure 8: BLER curves (MCS 11, 16QAM modulation, 30km/h, Frequency non-hopping)
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Figure 9: BLER curves (MCS 11, 16QAM modulation, 30km/h, Frequency slot-hopping)
5. Conclusion
In this contribution, we have discussed the DM RS structures for uplink SU-MIMO transmission in LTE-Advanced and presented some preliminary link level simulation results. 
We propose to discuss further if it is necessary to introduce an additional DM RS in the slot to support uplink SU-MIMO transmission for moderate to high mobility or frequency slot-hopping mode.
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