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1 Introduction
In 3GPP RAN1#58 meeting, a way forward was agreed for demodulation reference signals (DM-RS) of Rel-9 enhanced DL beamforming [1]. It was agreed to use code division multiplexing for DM-RS and transmit on two new orthogonal UE specific antenna ports. Further, in case of rank-1 transmission to a UE, it was agreed to support dynamic indication on which of the two UE specific antenna ports is used. Hence, such a dynamic indication enables assigning rank-1 transmission to two UEs with different orthogonal DM-RS on the same PDSCH resources. However, it was also agreed that, there is no explicit signalling of the presence/absence of a co-scheduled UE on the same PDSCH resources, i.e. in case of rank-1 transmission, the UE cannot assume that the other DM RS antenna port is not associated with PDSCH assigned to another UE. In other words, the UE doesn’t know whether inter-layer interference is existed or not for a physical resource block (PRB). 
In this contribution, we investigate different designs for the scrambling sequence of the UE specific antenna ports, and correspondingly the performance of different receiving schemes is provided. 
2 UE specific scrambling or cell specific scrambling
In [1], it is only agreed on the orthogonality for the DM-RS of different antenna ports by CDM, so that there is no mutual interference between different antenna ports. However, the scrambling sequence design of DM-RS is still pending. We have 2 options going ahead: 
1) UE specific scrambling

The scrambling sequence is initialized with a value dependent on C-RNTI (a.k.a. UE ID), Cell ID and other parameters. This means a UE may not know the scrambling sequence of DM-RS for a co-scheduled UE since the UE ID of co-scheduled UE is unknown. As a consequence, the UE cannot know the channel response of co-scheduled UE and then the interference coming from PDSCH of co-scheduled UEs can not be eliminated. As to receiver algorithm, MRC is a candidate which just assumes there is no inter-layer interference; another method, MMSE based on 2nd order statistics may also be used. In the following part, we show that MMSE based on 2nd order statistics could improve the performance in certain channel conditions. 
2) Cell specific scrambling
The UE ID is excluded from initialization of scrambling sequence, i.e. the scrambling sequence must be common in a cell. Hence a UE can know the scrambling sequence used by co-scheduled UE if present. According to [1], there is no explicit indication of the presence/absence of co-scheduled UE. But it is still possible for the UE to blindly detect if any co-scheduled UE is present in its allocated PRB resources. In detail, if co-scheduled UE is not detected in a PRB, the reception is similar to SU-MIMO; while if co-scheduled UE is detected, other method such as MMSE equalization may be employed in the PRB to mitigate inter-layer interference. 
To see the impact of both two scrambling sequence designs, we provide some link level throughput results. For UE specific scrambling, 2 receivers, i.e. MRC or MMSE based on 2nd order statistics, are simulated. While for cell specific scrambling, we use MMSE receiver for reception. In each PRB allocated to the desired UE, a 2nd UE is co-scheduled, and we assume the presence of co-scheduled UEs is known beforehand in this set of results. The detailed simulation assumptions are summarized in Appendix. 
Figure 1 shows the link level throughput comparison for different receivers for TU6, 3km/hr channel. We can see that cell specific scrambling can provide much higher throughput than UE specific scrambling, and for UE specific scrambling, MMSE receiver based on 2nd order statistics performs similar to MRC receiver. 
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Figure 1: Receiver performance for TU channel
Figure 2 is the comparison results under Ped A, 3km/hr channel. From the results, MMSE receiver based on 2nd order statistics outperforms MRC receiver for UE specific scrambling, but it is still much worse than cell specific scrambling with MMSE receiver. It is reasonable MMSE receiver based on 2nd order statistics has better performance in Ped A channel, since Ped A channel is less frequency selective and hence more accurate 2nd order statistics can be obtained by averaging over all data REs in a PRB. 
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Figure 2: Receiver performance for PA channel
It should be noted that cell specific scrambling limits that up to 2 UEs can be co-scheduled in a PRB, otherwise the same scrambling sequence have to be repeatedly used which results in big SFN like interference between DM-RS hence is not desired. On the contrary, UE specific scrambling scheme does not have such a limitation. Actually, thanks to the independent sequence for DM-RS by UE specific scrambling, the interference caused by additional UEs are randomized and averaged though it cannot be fully eliminated. So if scheduling of more than 2 UEs is desired, UE specific scrambling can be a good compensation to cell specific scrambling. We discuss this issue in another document [2].
3 Blind detection of presence/absence of co-scheduled UEs
In this section, we further discuss the UE operation based on cell specific scrambling. Based on the agreements in [1], a UE may not know explicitly the presence/absence of a co-scheduled UE on the same PDSCH resources in case of rank-1 transmission. Thus at least two interference scenarios may occur for a PRB but no signalling to indicate them: 
1) If the other non-assigned antenna port is not used in a PRB, there is no intra-cell interference from co-scheduled UE;
2) If the other non-assigned antenna port is used for PDSCH transmission to another UE in a PRB, the intra-cell interference do exist.

Since there is no explicit signalling for the presence/absence of co-scheduled UE, we have to do blind detection in each PRB to check if co-scheduled UE is present and then do MMSE reception for interference mitigation when co-scheduled UE is detected. Generally speaking, such a method will be worse than the case that presence/absence of co-scheduled UE is a know information. We have run some link level throughput simulation to check how severe the impact is. In our simulation, the power ratio between non-assigned antenna port and the assigned antenna port is used as a metric. Then if the metric is higher than a threshold, we think co-scheduled UE is present in a PRB, vice versa. The simulation results are provided in figure 3 and figure 4, and the detailed simulation assumptions are summarized in Appendix. 
In Figure 3, we assume the co-scheduled UE is present in a PRB with a probability of 50%. From the results, the link throughput using blind detection of co-scheduled UEs can be very much close to the ideal case where the presence of co-scheduled UEs is known. We also found the throughput obtained by always assuming the presence of co-scheduled UE is nearly the same to ideal case. 
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Figure 3: blind detection for cell specific scrambling
In Figure 4, we show an extreme case, where no co-scheduled UE is present, i.e. it is really SU-MIMO operation for the desired UE. However, in UE side, we always assume there are co-scheduled UEs in all its allocated PRBs, thus we estimate the channel of both the assigned antenna port and the non-assigned antenna port, and then do MMSE reception. We find nearly ideal throughput performance too. 
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Figure 4: always assuming co-scheduled UEs

In conclusion, from the results in Figure 3 and Figure 4, there is no throughput degradation for cell specific scrambling even when the presence/absence of co-scheduled UEs is unknown. We may even always assume the presence of co-scheduled UEs hence use MMSE receiver all the time. 
4 Conclusion 
In this contribution, we provide our view on design of scrambling sequence for enhanced DL beamforming. Cell specific scrambling is much better than UE specific scrambling in throughput performance, but it limits the maximum number of MU-MIMO UE co-scheduled to 2. Further, for cell specific scrambling, we find nearly ideal throughput performance can be achieved by blind detection of presence of co-scheduled UE or always assuming the presence of co-scheduled UEs and doing MMSE reception all the time. 
Appendix Link-Throughput Simulation Parameters

The link-level simulation parameters are summarized in the table below:
	Transmission mode
	MU-MIMO CL

Rank 1 for a UE, up to 2 UEs paired

	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Channel Model 
	TU-6 3km/hr 

	Antenna configuration 
	4x2, No correlation bet\ antennas 

	Precoding 
	LTE DL 4Tx Codebook

	Channel estimation 
	2D-MMSE 

assuming uniform power-delay profile. 

	RB Assignment 
	5 RBs 

	Power in each RS RE 
	the same as in data REs 

	MIMO Receiver
	MMSE

	Hybrid ARQ scheme
	IR, maximum 4 retransmissions

	Target BLER for Initial Transmission
	10%

	CSI estimation
	Ideal
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