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Introduction

At RAN WG1 LTE AdHoc in January, downlink resource block allocation was discussed and some agreements were reached. As can be found in [1], the transport channels provided to the physical layer in downlink are allocated to either distributed or localized virtual resource blocks. These virtual resource blocks are then mapped onto the downlink physical channel resource in distributed or localized manner. The actual details of this mapping were not agreed on at the LTE AdHoc. This contribution considers some aspects to keep in mind when working out the details of resource mapping, and provides a text proposal to TR25.814.
Discussion

As agreed at the LTE AdHoc, the physical downlink shared channel is composed of physical resource blocks, which are all of the same size. Transport blocks contained within distributed and localized virtual resource blocks are mapped onto these physical resource blocks. Localized resource blocks are mapped in a localized manner and distributed resource blocks are mapped in a distributed manner, the details of which had a number of different interpretations at the LTE AdHoc [2-8].
Dynamic vs semi-static mapping

The allocation of distributed and localized resources cannot be static, as it is apparent that depending on the transport channels allocated by MAC, the relative amounts of localized and distributed resources differ. 
In dynamic mapping, the shared control channel in each downlink shared channel subframe indicates the location, size and type of UE allocations. Thus, the control channel has to carry information on the type of allocation for each UE. Some more signalling is needed in the share control channel, but dynamic mapping provides the scheduler with full flexibility in resource allocation.
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In semi-static mapping, the physical resource blocks on physical downlink shared channel are assigned for either distributed or localized mapping for a period of subframes via higher layer signalling. The stickiness of the allocations may prevent the scheduler from employing the best possible downlink resources for localized traffic. This impact naturally depends on the CQI reporting frequency.
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Recommendation: dynamic mapping
Prioritizing distributed vs localized resource blocks

One decision related to downlink resource mapping is which kind of resources are allocated first. Distributed resources benefit from frequency diversity gain whereas localized resources are aiming at frequency scheduling gain. 

In dynamic mapping there is clear relevance within each subframe between the distribution of localized and distributed resources on the one hand, and the scheduling decision based on CQI on the other hand.  Here one can consider two basic approaches:
1) First allocate distributed resources to benefit from frequency diversity gain, then assign localized resources to the remaining physical resource blocks

2) First allocate localized resources to benefit from frequency scheduling gain, then assign distributed resources to the remaining physical resource blocks

Of course, in practice neither resource can be completely overlooked as frequency diversity is the inherent aim in distributing a transport channels on the downlink physical channel , and maximum frequency scheduling gain is the aim for localized resource allocation. Thus, in practice the selected approach is somewhere in between the two basic approaches outlined above.
If the localized and distributed resources are mapped onto downlink physical channel in a semi-static way, it is likely that the mapping decision cannot be based on radio link characteristics that change much faster than the mapping interval. Channel dependent scheduling thus would not play a major role and the relative priority is not of the same importance as in the case of dynamic mapping. 

When considering the relative prioritization of distributed and localized resources, it is good to review again the mobility requirement for LTE from TR25.913:

The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h. Higher mobile speed between 15 and 120 km/h should be supported with high performance. Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band).
The focus on lower speed UEs would suggest that the traffic that can benefit from channel dependent scheduling needs higher priority and should be allocated first onto downlink shared channel. After this mapping the distributed resources would be allocated to remaining resource blocks which are sufficiently far apart to provide frequency diversity. As some studies already [9] show, good performance for distributed traffic is reached with reasonable consideration for diversity without any need for optimization. 
Recommendation: with dynamic mapping, prioritize localized resource blocks in allocation
Considerations on interference coordination

In another document on interference coordination schemes [10] it is shown that soft frequency reuse based schemes are attractive from LTE downlink throughput point of view. These kind of schemes constitute a set of frequency resources that set some restrictions on how localized and distributed resources are allocated. This coexistence problem of soft frequency reuse with resource allocation has been considered for example in an input contribution to the LTE AdHoc [11].  The border of physical resource blocks belonging to different soft frequency reuse subbands should not be overlapped by the allocation for a transport channel. This may take place in the case of ‘stretching’ schemes [3,8] that were proposed in LTE AdHoc. In this case localized resource is ‘overflowing’ from the physical resource block and may not in all cases fit in the respective frequency reuse subband. 
Recommendation: Any physical resource block has only localized or distributed traffic mapped on it, not both.
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Text proposal

7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

The channel-coded, interleaved, and data-modulated information [Layer 3 information] is mapped onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of physical resource blocks (PRB) consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account. The size of the baseline physical resource block, SPRB, is equal to MxN, where M=25 and N is equal to the number of OFDM symbols in a subframe (the presence of reference symbols or control information is ignored here to simplify the description). This results in the segmentation of the transmit bandwidth shown in Table 7.1.1.2.1-1.

Table 7.1.1.2.1-1 Physical resource block bandwidth and number of physical resource blocks dependent on bandwidth.
	Bandwidth (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Physical resource block bandwidth (kHz)
	375
	375
	375
	375
	375
	375

	Number of available physical resource blocks
	3
	6
	12
	24
	36
	48


Using other values such as, e.g. M=15 or M=12 or M=10 or M equal to other values can be considered based on the outcome of the interference coordination study.
The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

Both block-wise transmission (localized) and transmission on non-consecutive (scattered, distributed) sub-carriers are also to be supported as a means to maximize frequency diversity. To describe this, the notion of a virtual resource block (VRB) is introduced. A virtual resource block has the following attributes:

· Size, measured in terms of time-frequency resource.

· Type, which can be either ‘localized’ or ‘distributed’.
All localized VRBs are of the same size, which is denoted as SVL. The size SVD of a distributed VRB may be different from SVL. The relationship between SPRB, SVL and SVD is FFS.

Distributed VRBs are mapped onto the PRBs in a distributed manner. Localized VRBs are mapped onto the PRBs in a localized manner. Any PRB has only one localized VRB, or alternatively one or more distributed VRBs mapped on it.
The multiplexing of localized and distributed transmissions within one subframe is accomplished by FDM.
As a result of mapping VRBs to PRBs, the transmit bandwidth is structured into a combination of localized and distributed transmissions. This structuring is allowed to vary dynamically from subframe to subframe. The UE can be assigned multiple VRBs by the scheduler. The information required by the UE to correctly identify its resource allocation must be made available to the UE by the scheduler. The number of signalling bits required to support the multiplexing of localized and distributed transmissions should be optimized.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
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