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1. Introduction

It has been proposed in [1] and [2] that non-negligible gains can be achieved in the DM-RS-based demodulation of high-rank transmissions if the UE is allowed to assume that the precoding is fixed over a number of RB’s. This UE assumption has been nicknamed “PRB bundling”. The simulations in [1] show 1-2 dB gains for a rank=6 transmission due to bundling of 6 RB’s, while [2] shows similar gains for rank=8. In addition, [1] proposed a DM-RS pattern that is optimized for “PRB bundling” while [2] argues that the gain from such a pattern is marginal. 
In contrast, it has been argued in [3] that bundling brings very small gain in flat channels but hurts performance in frequency selective channels because of the constraints it imposes on the precoding.
In this contribution we disregard the pattern issue and consider only the effect of the UE assumption on whether the precoding is fixed over the “PRB bundle” or not.

2. Potential gain of PRB bundling

The effect of the imperfect channel estimation due to noise in the RS RE’s can be approximated by a decrease in the SNR after the channel-equalization. We assume that the channel-estimation for flat, low Doppler channels is equivalent to an averaging of the DM-RS RE’s over several PRB’s. Then, the SNR at the demodulator can be approximated by
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Where SNR is the data signal to noise (before equalization) and P is the channel-estimation processing gain (i.e. the total power of DM-RS RE’s that are averaged by the channel estimator, divided by the data power.)
Figure 1 shows the gain in the demodulator SNR due to bundling of 6 PRB’s compared to no-bundling under the DM-RS density assumptions of 12 RE’s/PRB for 1 and 2 spatial layers and 24 RE’s for 4-8 layers. Figure 2 shows the gain under the assumption that due to UE speed the channel estimator can average over a single slot only, thus only half the RE’s are available.
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Figure 1: Reduction in channel-estimation loss when UE assumes the precoding is fixed over 6 PRB's. Channel-estimation practically averages over 1ms, as in 3 km.
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Figure 2: Reduction in channel-estimation loss when UE assumes the precoding is fixed over 6 PRB's. Channel-estimation does not average over 1ms, as in 30 km.
We observe that, at low speed, the gain due to PRB bundling can reach 1 dB in either the case of high-rank, high-SNR or in the case of low-rank, low-SNR. The gain can approach 2dB at higher speeds. The above rough estimate for the high ranks is consistent with the findings of [1].

3. Scenarios where PRB bundling can be assumed

With non-COMP, SU-MIMO, FDD, the NB precoding granularity should be either similar to the granularity of the spatial feedback, or the whole bandwidth if it relies on reciprocity. I.e. the UE can assume that the granularity is either the subband size defined in tables 7.2.1-3 and 7.2.1-5 of [4], or it is the whole system bandwidth. Therefore, we argue that whenever this is the scenario the UE should be allowed to assume that the precoding is fixed within the feedback granularity size. And this argument is independent of the channel frequency selectivity: even if the channel varies within the subband the NB wouldn’t have any spatial information with finer granularity to base on it a more selective precoding.
If, on the other hand, the UE may be co-scheduled with another UE on the same resources, or if any kind of COMP is being employed (either intra-site or inter-site), then the UE cannot assume that the precoding is fixed over the feedback granularity size unless it is explicitly told so by the eNB.

Therefore the question is whether there are such scenarios in FDD under which the UE can be allowed to assume there is no MU-MIMO or COMP.  We argue that such an assumption should be allowed in the following two cases:

1. The UE receives NR or more spatial layers (for example, NR=4.) 
2. A DM-RS-based transmission mode is defined for Rel10 which is SU-MIMO only. This mode is optimized for (but not limited to) high rank transmissions, as proposed in [5]. 
4. Conclusions
Non-negligible gains are obtained by allowing the UE to assume the precoding is fixed over several RB’s. We propose that in FDD the UE will be allowed to assume that the precoding is fixed within the spatial-feedback subband size in the following two cases:
1. The UE receives NR or more spatial layers (for example, NR=4.) 

2. A DM-RS-based transmission mode is defined for Rel10 which is SU-MIMO only. This mode is optimized for (but not limited to) high rank transmissions, as proposed in [5]. 

The implication for the NB is that it doesn’t employ any MU-MIMO or COMP in these two cases. Then, since in FDD the NB doesn’t have any precoding-related information with finer granularity than that of the spatial feedback, the NB is anyway constrained to fix the precoding over the RB’s that are “bundled” by the feedback.
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