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1 Introduction
In 3GPP RAN1 #58 meeting, the term of “RB bundling” was first introduced for higher ranks transmission to achieve adequate channel estimation accuracy along with a low overhead [1].  In 3GPP RAN1 #59bis meeting, the DM-RS pattern for rank 5-8 is agreed while
“

Whether PRB-bundling in frequency domain is needed for rank 1-8 is FFS.
”

Effectively, PRB-bundling can be used to enable UE to perform joint channel estimation over multiple PRBs to improve channel estimation performance of the dedicated data channels in Rel-10 and hence improve the performance of demodulation. This property could be achieved as long as the same precoder is applied within bundled PRBs. Therefore, in the current DM-RS content, PRB-bundling can be also re-named as “precoding granularity”  

In this contribution, we explore the potential benefits of PRB-bundling/precoding granularity and discuss the possible specification support to enable PRB-bundling/precoding granularity indication for LTE-A systems.
2 RB Bundling for DM-RS
In this section, we investigate the benefits of applying RB bundling/precoding granularity for LTE-A DM-RS. 
In 3GPP RAN1 #58bis meeting, the following DM-RS patterns have been agreed as a baseline up to rank 2 and rank-4, where spreading factor 2 code division multiplexing (CDM) is applied to multiplex two DM RS in two adjacent REs:

[image: image1.emf]
Figure 1: Rank-2 and Rank-4 DM RS patterns
In 3GPP RAN1 #59bis meeting, the following DM-RS pattern has been agreed for rank 5- 8, where spreading factor 4 code division multiplexing (CDM) is applied to multiplex four DM RS in time domain.


[image: image2.emf]
Figure 2: Rank 5-8 DM RS pattern

The agreed DM-RS patterns are PRB based; accordingly, UE could perform channel estimation and demodulation per PRB (that is, the baseline of precoding granularity is assumed to be 1 PRB). Alternatively, if RB bundling is supported, UE could perform channel estimation and demodulation jointly across bundled RBs (that is, the precoding granularity is more than 1 PRB – high precoding granularity). In this way, the performance of channel estimation and demodulation of the dedicated data channel can be improved.  

It is shown in [3] that PRB-bundling/high precoding granularity would help to improve the system performance in higher rank transmission. In this section, we provide additional evaluation results for lower rank transmission with hope that this could give us a complete picture on what PRB-bundling/high precoding granularity would bring us.  
The link throughput comparison for TU6 channel is illustrated in Figure 3. The link throughput simulation is conducted under link adaptation and rank adaptation. Detailed simulation parameters can be found in the Appendix.
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Figure 3: Link Throughput Comparison for Different Sizes of Precoding Granularity

It can be observed that PRB bundling/high precoding granularity could provide non-negligible throughput gain as opposed to per PRB based channel estimation and demodulation. The observations of the simulation results could be summarized as follows:

At low SNR regime (-2 to 2 dB)

· 2-PRB based channel estimation and demodulation provides gain around 1.5 dB gain

· 3-PRB based channel estimation and demodulation provides gain around 2.5 dB gain
· The rank statistics of the corresponding downlink transmission is: [0.65, 0.15, 0.1, 0.1]

At relatively high SNR regime (14+ dB)

· 2-PRB based channel estimation and demodulation provides gain around 1 dB gain

· 3-PRB based channel estimation and demodulation provides gain around 1.3 dB gain
· The rank statistics of the corresponding downlink transmission is: [0.014 0.13 0.47 0.386]

The relative performance gain of PRB-bundling/high precoding granularity also depends on the assumption of 2D MMSE filter. For example, if we assume that the 2D MMSE filter has pretty good knowledge of the time and frequency correlations of the channel, PRB-bundling/high precoding granularity would provide high gains.
3 Specification Support for RB Bundling
As suggested in Section 2 that RB bundling will bring additional gains for channel estimation and demodulation for both lower rank transmission and higher rank transmission. This gain can be achieved only when the precoding vectors across the bundled RBs are the same. In other words, RB bundling will require the eNodeB to perform same downlink precoding vector across bundled RBs which reduces the precoding flexibility at the eNodeB. The reduced precoding flexibility may lead to a performance degradation of the system.  

Therefore, it clearly suggests a trade-off between gains from increasing channel interpolation span in frequency versus losses from increasing frequency selective precoding granularity as suggested in [4]. Therefore, the RB bundling should be carefully studied to support in LTE-A systems.  

Downlink precoding granularity is closely tied towards the feedback granularity. In the situation where the network is performing precoding over a group of RBs, RB bundling does provide non-negligible gains. However, in the case where the network is performing RB based precoding, RB bundling is not possible. 

As such, an indication from eNodeB to UE could be supported in LTE-A to turn on/off the feature of RB bundling. In this contribution, turning-on RB bundling means that an eNodeB will perform same downlink precoding over a number of contiguous RBs (RB bundling size), and UE will perform channel estimation and demodulation jointly across bundled RBs. On the other hand, turning-off RB bundling means that an eNodeB could perform RB based downlink precoding and UE will perform channel estimation and demodulation on a per-RB basis. 

The indication of turning on/off RB bundling can be achieved by several alternatives:

Alt. 1: semi-statistical signalling from the higher layers or dynamically signalling from eNodeB utilizing available code-points in DCI formats. Furthermore, this signalling could be either implicit or explicit:

· Alt. 1. 1: Explicit signalling: 
· Alt. 1. 1. 1: one bit higher layer signalling semi-statistically turning RB bundling on or off; 
· Alt. 1.1. 2: utilizing available DCI code-points to dynamically turn on or off RB bundling

· Alt. 1. 2: Implicit signalling: 
· Alt. 1. 2. 1: RB bundling on or off is based on specific transmission mode, the DCI format used for DL grant, transmission scheme, and RNTI configuration

· For example, RB bundling is turned on if a UE is configured in Rel-9 transmission mode (mode 8), and if the UE received a PDSCH packet scheduled with DCI format 2B.  

· Alt. 1. 2. 2: RB bundling on or off is related to specific feedback mode
· For example, when PMI/RI feedback is configured, turn on RB bundling, otherwise when PMI/RI feedback is not configured, turn off  RB bundling

· For another example, when wideband CQI/PMI feedback mode is configured, turn on RB bundling, when subband CQI/PMI feedback mode is configured, turn off RB bundling

Alt. 2: RB bundling on/off indication can also be realized through other system indication from eNodeB to UE. 
· For example, RB bundling could be enabled once the rank indication (RI) is greater than a predetermined value. (Since we know that RB bundling will have additional benefits in terms balancing the transmission power over OFDM symbols for higher rank transmissions [2]).

Alt. 3: RB bundling is always on for demodulation using Rel-9 or Rel-10 UE-RS.

The next question is then how many RBs should we bundle in LTE-A systems once RB bundling is enabled. Similarly, there are multiple ways to decide the RB bundling size: 
· Alt. 1: RB bundling size is equal to the resource block group (RBG) size. 

This is a natural approach since downlink resource allocation is based on RBG, the size of RB bundling could potentially be based on RBG as a function of the total system bandwidth.
· Alt. 2: RB bundling size is equal to the feedback subband size  
Since the downlink transmission is based on the uplink feedback, the RB bundling size could potentially be based on the feedback granularity (for example, feedback subband size) as a function of the system bandwidth.
· Alt. 3: RB bundling size is based on the configured feedback mode

In LTE-A (Rel-10) transmission modes, TPMI will not be transmitted due to the application of DM-RS, however, wideband CQI/PMI/RI and subband CQI/PMI/RI will anyway be supported. Accordingly, the size of RB bundling could potentially be based on the configured feedback mode:
· For example, when wideband feedback is configured, all the allocated RBs could be bundled to perform channel estimation and demodulation. That is, the RB bundling size could potentially be the size of the downlink resource assignment
· For example, when subband feedback is configured, the RB bundling size could follow 
· subband size from the UE feedback.

· RBG size

· Alt. 4. The RB bundling size could be fixed 

4 Conclusion

In this contribution, we discuss the potential benefits of RB bundling for DM-RS. Since RB bundling allows UEs to perform channel estimation and demodulation jointly across bundled RBs, RB bundling could potentially provide system performance gain even for low rank downlink transmissions. Accordingly, possible ways to support downlink RB bundling in the LTE-A systems are discussed. 
References

[1] R1-093105, “UE-RS Patterns for LTE-A”, Qualcomm Europe, August 2009.
[2] R1-094575
,“Discussion on DM-RS for LTE-Advanced”, Samsung, November 2009.
[3] R1-100046, “DM RS design for rank 5-8”, Ericsson, ST-Ericsson, January 2010.
[4] R1-094650, “Beyond four-layer UE-specific reference symbol design for LTE-Advanced”, Nokia, Nokia Siemens Networks, November 2009.
[5] R1-094094, “8Tx Codebook Design for Channel Feedback in support of DL SU-MIMO in LTE-A”, Samsung, October 2009.

Appendix: Link Throughput Simulation Assumptions
	Number of Antennae
	8x4

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Scheduled subcarriers
	6 PRBs

	CP format/Overhead
	Normal CP with 3 OFDM symbols for control and 4 Rel-8 CRS

	Channel Model
	TU6

	Speed
	30km/h

	Rank adaptation
	Rank 1 - 4

	Precoding
	8TX codebook based precoding [5]

One precoder for 6PRB (subband size)

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter, PRB bundling size of {1,2,3}

	MIMO detection algorithm
	MMSE

	Channel Coding
	Turbo code

	HARQ
	On
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