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1 Introduction

In LTE as mentioned in Ref [1], the eNodeB MAC scheduler allocates radio resources to UEs using one of the two types of resource allocation schemes called Localised allocation and Distributed allocation. Localised allocation uses Narrow Band (NB) or detailed CQI reporting scheme, in which UE reports full CQI on all of its downlink sub-bands or chunks (one CQI value per chunk). Distributed allocation uses Wide Band (WB) or overall CQI reporting scheme, in which UE reports only one CQI over the whole band.

Localised allocation offers efficient spectrum usage and exploits the benefits of multi-user diversity, but this scheme also demands the detailed CQI reporting, which may be a big UL signalling overhead. Distributed allocation exploits the benefits of the frequency diversity, and the CQI reporting overhead associated with this scheme is minimal, but spectrum usage with this method is not efficient.

When UE is moving slowly and experiencing flat (or frequency non-selective) fading channel conditions, the overhead of CQI reporting necessary for localised allocation is minimal because CQI variations are small and varies slowly with respect to time. However, when UE is experiencing fast fading because of high mobility of the UE, CQI varies fast and UE should report CQI frequently, so there is significant UL signalling overhead. In this scenario, it is better to choose the distributed allocation scheme, which is more robust and also has little overhead by reporting WB CQI on the whole band.
In the same way when UE is in distributed allocation but experiencing good radio channel conditions (slow and frequency non-selective fading), it is better to switch to localised allocation, which offers multi user diversity and efficient spectrum utilisation.

So, based on the channel conditions and mobility of the UE, eNodeB switches from one resource allocation scheme to the other.

eNodeB can do switch from Localised to Distributed based on the NB CQI it received from UE. But, performing switch from Distributed to Localised based on only WB CQI may not be accurate and timely because WB CQI gives very little information. This document addresses the issue of switching from Distributed to Localised. 

Next section discusses the accuracy, associated overhead and timeliness of various possible Distributed to Localised switching mechanisms.

2 Discussion

How eNodeB performs switching from Distributed to Localised is not standardized yet, so here we considered three possible candidates and they are explained below.
· WB CQI reporting based switching scheme (Scheme-1)
eNodeB does switching only after observing improvement in WB CQI over certain period of time as shown in Figure 1. This method may not be accurate enough (because the WB CQI does not make local fading conditions available) and may lead to long delay in switching to Localised allocation, which means in-efficiency. This is explained with an example in Figure 2. In Figure 2, overall channel quality is not good, but three Resource Blocks (1, 2 and 7 in Figure 2) suitable for Localised allocation are available in the whole band.  In such a scenario where the eNodeB could have ordered Localised allocation for the UE, the reported WB CQI by the UE does not provide all the required information for eNodeB to perform the switching decision. 
· Periodic WB and NB CQI reporting switching scheme (Scheme-2)
eNodeB does switching based on NB CQI report as shown in Figure 3. UE reports NB CQI in addition to WB CQI periodically to help the eNodeB take quick and accurate decision on switching, but this periodic NB reporting causes bigger uplink CQI overhead. 
· WB and event triggered NB CQI reporting based switching scheme (Scheme-3)
eNodeB does switching based on NB CQI reporting as shown in Figure 4. Trigger for NB CQI is based on the WB CQI improvement, but as we discussed earlier (Scheme-1) switching based on WB CQI alone is not accurate in some scenarios, so this method still has the disadvantages of Scheme-1. Compared to Scheme-1 this method is more accurate. Unlike scheme-2, this method has less uplink overhead but requires additional signalling and suffers from delayed and inaccurate switching times.
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Fig 1: WB CQI reporting based

Fig 2: Snapshot example of fading over the whole band
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Fig 3: Periodic WB, NB CQI reporting based        Fig 4: WB CQI & event triggered NB reporting based

From the above discussion it is clear that accurate switching with less uplink CQI overhead is difficult to achieve if only CQI based scheme is adopted.  Next section describes the new proposal, which is more accurate in switching and requires minimal signaling overhead.

3 Proposal

3.1 UE-assisted scheduling switch

· When UE is in distributed allocation, UE measures fading rate and fading selectivity within each Resource Block (intra RB selectivity).
· When fading variations are slow and flat for a network specified number of Resource Blocks, UE indicates to eNodeB that switching to localised allocation could be beneficial using L1 or L2 signalling (As this event occurs less often, we prefer L2 signalling unless we have spare bits in Layer-1 signalling message to use for this purpose). This scheme is explained in Figure 5 below. 
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Fig: 5: Measurement Event Based Switching
3.2 Fading measurements in UE

The Fading measurements are performed to measure fading rate experienced by the UE. The measurement of change in fading rate allows UE to perform request for switching from Distributed to Localised allocation more accurately. The measurements are required to be performed at regular intervals for accurate measurement of fading rate and hence change of fading rate. A fast moving UE is the case where a user is either in a fast moving vehicle or train. Change in fading rate is mainly caused by change of the vehicular speed. Typical stopping time for a train at 100 MPH is in the order of few 10s of seconds whilst for a car at the same speed is in the order of a few seconds. Considering a typical scenario of a car at 60 MPH, typical stopping distance is in the order of 2 to 3 seconds. This leads us to consider that fading measurements over a period of 100 ms (i.e. 10 frames) is sufficient to capture any noticeable change of fading rate. UE can collect 200 SNR measurement samples on each pilot symbol within 10 frames, as SNR of received pilot symbols is measured once per sub-frame in PHY layer. Such a sample space is sufficiently large for most statistics.

UE is required to perform an accurate estimation of fading rate and fading intra-RB selectivity based on SNR measurements of pilot symbols and advice eNodeB on scheduling switching in a timely manner. 
(1) Fading rate: 
Fading rate is typically calculated by using level-crossing rate. UE calculates the level (usually the median value) and number of times level is crossed within a sampling window of 10 frames. Fading rate is supposed to be consistent over the entire frequency band, thus fading rate calculation can be based on SNR measurements of one pilot symbol to reduce computing load without losing accuracy. An adjustable fading rate threshold F (say 50, 30 or 20 Hz) at which the UE will indicate a switch to eNodeB is sent from eNodeB. 
(2) Fading intra-RB selectivity:

In most channel scenarios, coherence bandwidth of fading channel is less than the bandwidth of a resource block, which is currently assumed as 25 sub-carriers (375 KHz). However, in some occasions where far-end reflection objects exist, multipath fading could cause a long delay spread (in the order of a few seconds). Thus fading within a RB is not always flat. If fading is frequency selective within a RB, the localised allocation is not appropriate any more even if the fading rate is low. To estimate fading intra-RB selectivity, UE receives the following parameters from the network either by dedicated signalling (i.e. per UE) or by broadcast signalling (i.e. via the BCCH) or a combination of both.

T – Threshold for maximum difference of SNR measurement of pilot symbols within a RB.

X – Threshold for minimum number of RBs, within which maximum difference of SNR measurements < T
UE does the calculation below once per sub-frame to estimate the number of RBs experiencing flat fading. UE then uses this to indicate to the eNodeB its switching preference (from Distributed to localised). 
        t j = ( { p1j, p2j, …, pnj }max – { p1j, p2j, …, pnj }min ) / { p1j, p2j, …, pnj }max
where { p1j, p2j, …, pnj } denotes SNR measurements of each pilot symbol within a RB, and J denotes the jth RB.

3.3 Expected Benefits

· Compared to CQI based switching mechanisms this method is more accurate, timely and requires less uplink overhead. This accurate and timely switching enables usage of appropriate MCS scheme at all times which in turn provides the capacity gain.
· The UE can estimate the fading it is experiencing more effectively than the eNodeB, so having a fading estimation algorithm in the UE makes more sense and this saves eNodeB processing power.

4 Conclusion

In this contribution, UE assisted scheduling switching mechanism is proposed and the benefits over existing CQI reporting are shown. NEC requests RAN2 to consider this proposal for approval and inclusion in LTE TR.
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