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1 Introduction

 
In RAN1#87, the following agreement was made regarding PRB bundling:
In LTE release 10, Physical Resource Block (PRB) bundling was introduced (applicable to transmission mode 9 and 10). Bundling means that the scheduled PRBs are divided into a number of PRB Groups (PRG). Over each group, the UE may assume that the same pre-coder is applied, guaranteeing that there are no phase discontinuities in the effective channel over these PRBs. This improves the performance of DMRS based channel estimation, since filtering can be performed over a whole PRG, leading to a larger processing gain and that excessive edge effects can be avoided. This behavoir demands that a fixed value is known by the base-station and UE.
For frequency selective precoding, there is a clear advantage of adopting the PRB bundling concept for NR, but there are situations where bundling may be limiting system performance. For such scenarios, handling the entire scheduled bandwidth as a bundle is preferable.    
In [1], we generalize the concept of PRB bundling to also include the time domain, by introduce port coherency regions. An observation was made in [1]:

Observation 1 A port coherency transition occurs when the precoder of a reference signal changes abruptly, so that the channel cannot readily be inferred between symbols across transition boundaries.

And a proposal:

Proposal 1 In NR, specify means for the UE to determine port coherency regions for all antenna ports known to the UE. 
In this contribution with discuss PRB bundling in more detail.

2 Discussion
As mentioned in the previous section, PRB bundling can be used to aid the channel estimation procedure by informing the receiver about the discontinuity in the channel response due to pre-coding changes. In other scenarios, where the coherence bandwidth of the channel is larger than the scheduled bandwidth, or if the channel response varies smoothly, the UE can perform channel estimation using DMRS from all PRBs. A smooth pre-coded channel response can also be achieved using reciprocity based pre-coder selection; or by using a wide-band pre-coder. An important such case occurs for deployments with a large number of antennas at the transmitter, potentially resulting in “channel hardening”, with a frequency flat channel as a result. 
Observation 2 For wideband precoding, e.g., for analog beamforming, or for some forms of reciprocity-based precoding, a port coherency region with frequency domain extent (a PRG) smaller than the scheduled bandwidth is of little use and need not be applied.

On the other hand, for frequency selective codebook based precoding over a frequency selective channel, a certain granularity of the bundling in frequency domain is needed, adopted to the precoding scheme. Furthermore, to fully support DMRS based semi-open loop transmission schemes, well defined port coherency region boundaries are required to allow for pre-coder cycling. For NR, which is intended to be deployed in many different scenarios, a flexibility is hence needed in how the grouping is performed. Exactly which port coherence region sizes to consider calls for further investigations. 

Observation 3 In scenarios such as frequency selective codebook based precoding, a restriction of the port coherency region in frequency (bundling) has to be supported.
Observation 4 The set of allowed port coherence region sizes to support in NR need to be further investigated.
To illustrate the need for flexibility in the port coherency region size in frequency domain (PRG), link level simulations are performed, as presented in the following section.
3 Simulations results on varying bundling size 
In order to illustrate the achievable throughput gain obtained by appropriate port coherence region sizes (PRB bundling), link level simulations are performed. A single user downlink OFDM system is assumed, with a sub-carrier spacing of 15kHz, and a carrier frequency of 3.5GHz. The TDL-A channel propagation model with an RMS delay spread of 100ns is used, and the UE speed is 3km/h. Four transmit, and one receive antenna is configured. The port coherency region size in time domain is one subframe
The scheduling bandwidth is set to 20 PRB, consisting of 12 subcarriers each, the used constellation is 64QAM, and a code rate of 0.95 is used. A single layer is transmitted with a wideband pre-coder, and a comb factor of four is used for the single symbol DMRS, as an example of a possible DMRS configuration. 
Different port coherency region sizes are used, ranging from a single PRB, up to the entire scheduled bandwidth. The UE is assumed to perform channel estimation over a single port coherency region (PRG). The simulation parameters are summarized in the Appendix.
In Figure 1 the resulting system throughput is shown for different PRG sizes (prb_bundle_size_freq). As seen from the figure, when increasing the bundling size, an SNR gain is seen in the throughput. The gain is in the order of 1.5dB SNR. The reason for the gain lies in the increased processing gain of the channel estimation, obtained by increasing the number of included DMRS symbols. This processing gain can be seen in Figure 2, where the relative channel estimation error is shown. The SNR gain is up to 8dB.
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Figure 1:  User throughput for different port coherency region sizes in frequency domain (PRB bundling sizes).
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Figure 2: Relative channel estimation error in dB, at different port coherency region sizes in frequency domain (PRB bundling sizes).
From a practical point of view a consideration to the CSI report sizes and the DCI formats are needed. Hence, for example, the resource allocation granularity, e.g. RBG, can be considered also in the PRB bundling size. Further this implies that the PRB bundling value can become bandwidth dependent.
As we have illustrated above, by choosing an appropriate PRG size, the system performance can be significantly improved.  Furthermore, as previously mentioned, in order to cater for a large number of deployment scenarios, as well as flexible system design, the following proposals are put forward
Proposal 2 The PRB bundling should be supported by defining specific fixed value that can be bandwidth dependent
Proposal 3 The PRB bundling should be configurable to allow the channel estimator to interpolate over all contiguous PRBs
4 Conclusion

We make the following proposals:
Proposal 1
In NR, specify means for the UE to determine port coherency regions for all antenna ports known to the UE.
Proposal 2
The PRB bundling should be support specific fixed value that can be bandwidth dependent
Proposal 3
The PRB bundling should be configurable to allow the channel estimator to interpolate over all contiguous PRBs
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6 Appendix

6.1.1 Simulation assumptions

	Parameter
	Value

	Channel Model
	TDL-A

	Numerology
	15KHz

	Carrier frequency
	3.5GHz

	Transmission Slot Length
	7 symbols

	UE speed 
	3km/h

	Delay spread
	100ns

	Allocated bandwidth
	20 PRBs (12 subcarriers per PRB)

	Link Adaptation
	Disabled

	Antenna configuration
	4Tx, 1Rx

	Channel estimator
	Practical filter based


Agreements:


For DL data, support at least a PRB bundling size for precoding equal to a specified value


FFS whether specified value is system BW dependent


FFS: Supported values 


Study further including at least the following:


FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)


FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs


FFS the case of reciprocity based operation


FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs





Agreements:


Study further the PRB bundling size for precoding for UL data


DFT-S-OFDM based transmissions


Consider the case of contiguous scheduled PRBs and non-contiguous scheduled PRBs (if supported)


Consider the impact due to UL DM-RS design


CP-OFDM based transmissions
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