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1. Introduction

In previous meetings, the decision on DM-RS rank 5-8 pattern with normal CP was made [1], as shown in Figure 1. 

· The length of orthogonal cover code (OCC) in time domain is 4 for both CDM groups
· Whether PRB-bundling in frequency domain is needed for rank 1-8 is FFS
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Figure 1
Agreed DM-RS pattern for normal CP supporting up to rank 8

The remaining issue is to discuss the necessity of PRB bundling, which is expected to improve demodulation performance by performing channel estimation across some consecutive PRBs at UE side. In this contribution, we further share our views on this issue. 

2. Discussion

PRB bundling is related to several aspects, such as eNB side precoding granularity, UE side bundle size and application scenario. In this section, we share our analysis based on above three aspects.
2.1. eNB side: precoding granularity

In principle, fine precoding granularity is expected to exploit frequency selective gain, especially in a channel with frequency selectivity. In principle, system performance could be degraded as frequency selective precoding granularity increases, where the same downlink precoding vector is performed across several PRBs. However, whether to perform fine or coarse precoding granularity is strongly dependent on the properties of the channel state information (CSI) feedback by UE. So far, it appears that per-PRB precoding granularity is hard to exploit in a LTE-A system based on the following two understandings

· The decision on a CSI-RS density of 1 RE per port per PRB pair, does not seem to be sufficient to capture CSI accurately for each PRB. CSI measurements averaged over several consecutive PRBs could be one feasible way to improve the estimation accuracy needed for CSI
· Feedback overhead to support per-RPB feedback is overwhelming. This results in a big burden on uplink resources and should obviously be avoided. 
So, based on a CSI feedback perspective, we believe a precoding granularity coarser than 1 PRB is preferred. This at least provides the UE with the possibility of exploiting that channel estimation can be performed by bundling several PRBs. However, it does not mean that the eNB should explicitly indicate precoding granularity to the UE since UE could perform PRB bundling with one fixed bundle size.  
Observation:
· Since CSI accuracy anyway benefits from coarser precoder granularity, it is preferred that UE  performs channel estimation for demodulation  over several PRBs

· No need to signal precoding granularity 
2.2. UE side: bundle size

Based on the above discussion, fixed PRB bundling at UE side is feasible. Now, we should check how much performance improvement can be achieved by performing channel estimation with large bundle size as compared to per-RPB channel estimation. Some evaluation results show a small bundle size of 2 is good enough [2-3]. Furthermore, small bundle size has relatively small impact on UE channel estimation implementation. 
Proposal:

· Consider a small fixed bundle size e.g. 2
2.3. Application scenario

PRB bundling should be well justified not only from the gain by channel estimation, but also from application scenarios. We think PRB bundling should be applicable to all ranks and all suitable channel environments if it is supported. That means that PRB bundling should be always enabled for all LTE-A features. 
Proposal:

· PRB bundling should be applicable to all ranks if it is supported
Note that a main intention of introducing PRB bundling is to improve channel estimation accuracy. But at least this aspect can alternatively be achieved also by some other candidate methods, e.g. DM-RS power boosting [4].

3. Conclusion

In this contribution, we analyzed PRB bundling from three aspects and made some observations and proposals accordingly. We propose
· If PRB bundling is supported, it should always be enabled and supported for all transmission ranks

· Configurability of PRB bundling is thus not supported

· To consider a fixed small bundle size, such as two PRBs
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