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1. Introduction 
Currently, external evaluations of the ITU-submission from 3GPP are ongoing by several external evaluation groups. Recently, 3GPP received questions from Canadian Evaluation Group (CEG) on the LTE-Advanced evaluation results. This document provides the answers to the RAN1-related question. In addition, this document clarifies how the control channel overhead is considered in the peak calculation.

2. Question and Answers
3GPP received following questions from Canadian Evaluation Group(CEG):
Q1 Peak Spectral Efficiency

TS 36.306 (v8.5.0) Table 4.1-1 states that the maximum transport block bits within a TTI is 299552, which yields a peak spectral efficiency of 14.9776 b/s/Hz ( 299552 / ( 1 ms * 20 MHz) ), which is slightly lower than the ITU requirement of 15 b/s/Hz.   Since this is based on Rel 8, the CEG would appreciate understanding what changes will be made so that Rel 10 (LTE-ADV) will exceed 15 b/s/Hz.  

Q2 TDD Handover

The CEG noticed that the 3GPP response on “Handover Performance” only documented the FDD case.  Please either provide an analysis of the 7 possible TDD configurations or comment on the specific assumption and analysis in Annex 1 below.
Q1 is a RAN1 related issue and hence this document provides the answers to Q1 as follows.
Answers to Q1:
3GPP interpreted the peak spectrum efficiency requirement from ITU-R to refer to the bit rate available to mobile station on a physical channel in 3GPP defined as the interface between TS36.212 and TS36.211. With this definition, the FEC does not enter into the peak-spectral efficiency calculations. Thus, our peak spectral efficiency is not calculated from maximum transport block size, but number of bits in physical layer, i.e., coded bits.
Even in case of measuring the peak rates in the transport block level which takes into account the FEC, Rel-8 specification still achieves the requirement which is explained below:

Thus, for 10MHz system bandwidth, LTE Rel-8 satisfies the ITU-R peak spectrum efficiency requirement of 15 b/s/Hz. In four layer transmission in 10MHz bandwidth comprising 50 resource blocks, two transport blocks are simultaneously transmitted with one transport block mapped to two spatial layers, where the maximum transport block size is 75376 bits according to 7.1.7.2.2 in TR36.213. Thus, in this case, the spectrum efficiency is 15.076 (=75376*2 (transport blocks)/10MHz/1msec). 

In addition, re-calculations of the peak rate values are given below when the following aspects into account:

· TDD guard time is taken into account.
· Only static L1 overheads are considered as overhead, i.e., 
· Overheads due PBCH and L1/L2 control signals are not taken into account. 
· Overheads due to SRS and CSI RS are not taken into account.
For FDD

DL 4 layer spatial multiplexing (LTE Rel-8 20MHz is assumed) :

1200 [sub-carrier] * 14 [symbols]* 6 [64QAM] * 4 [spatial multiplexing] * 1 [coding rate] * (1-0.143-0.00171) [CRS + Sync signal] / 0.001 [subframe length] / 20 [MHz] = 17.2 [bps/Hz]

DL 8 layer spatial multiplexing (LTE-A 20MHz is assumed) :

1200 [sub-carrier] * 14 [symbols]* 6 [64QAM] * 8 [spatial multiplexing] * 1 [coding rate] * (1-0.0262-0.00171-0.143) [CRS, 6MBSFN subframe per radio frame + sync signal+ URS] / 0.001 [subframe length] /20 [MHz] = 33.4 [bps/Hz]
UL 2 layer spatial multiplexing (LTE Rel-8 20MHz is assumed) :

1200 [sub-carrier] * 14 [symbols]* 6 [64QAM] * 2 [spatial multiplexing] * 1 [coding rate] * (1-0.143) [DRS] / 0.001 [subframe length]/ 20 [MHz] = 8.6 [bps/Hz]

UL 4 layer spatial multiplexing (LTE Rel-8 20MHz is assumed) :

1200 [sub-carrier] * 14 [symbols]* 6 [64QAM] * 4 [spatial multiplexing] * 1 [coding rate] * (1-0.143) [DRS] / 0.001 [subframe length]/ 20 [MHz] = 17.3[bps/Hz]

For TDD

DL 4 layer spatial multiplexing (LTE Rel-8 20MHz is assumed and UL/DL configuration 1, i.e. 2DL:1SP:2UL and special subframe configuration 4, i.e. 12DwPTS:1GP:1UpPTS) :

1200 [sub-carrier] * (14*4+12*2) [symbols]* 6 [64QAM] * 4 [spatial multiplexing] * 1 [coding rate] * (1-0.15- 0.003) [CRS + Sync signal] / 0.00579 [DL length per radio frame, 81 symbols including 1 symbol of GP] / 20 [MHz] = 16.9 [bps/Hz]

DL 8 layer spatial multiplexing (LTE-A 20MHz is assumed and UL/DL configuration 1, i.e. 2DL:1SP:2UL and special subframe configuration 4, i.e. 12DwPTS:1GP:1UpPTS) :

1200 [sub-carrier] * (14*4+12*2) [symbols]* 6 [64QAM] * 8 [spatial multiplexing] * 1 [coding rate] * (1-0.0375-0.003-0.15) [CRS, 2 MBSFN subframes per radio frame ((8*100*4+2*100*2)/(1200*80)=0.0375) + Sync signal + URS] / 0.00579 [DL length per radio frame, 81 symbols including 1 symbol of GP] /20 [MHz] = 32.2 [bps/Hz]

UL 2 layer spatial multiplexing (LTE Rel-8 20MHz is assumed and UL/DL configuration 1, i.e. 2DL:1SP:2UL and special subframe configuration 4, i.e. 12DwPTS:1GP:1UpPTS) :
(1200 [sub-carrier] * 2 [UpPTS symbols] * 6 [64QAM] * 2 [spatial multiplexing] * 1 [coding rate] +1200 [sub-carrier] * (14*4) [symbols]* 6 [64QAM] * 2 [spatial multiplexing] * 1 [coding rate] * (1-1/7) [DRS]) / 0.00421 [UL length per radio frame, 59 symbols including 1 symbol for GP] / 20 [MHz] = 8.5 [bps/Hz]

UL 4 layer spatial multiplexing (LTE Rel-8 20MHz is assumed and UL/DL configuration 1, i.e. 2DL:1SP:2UL and special subframe configuration 4, i.e. 12DwPTS:1GP:1UpPTS) :

(1200 [sub-carrier] * 2 [UpPTS symbols] * 6 [64QAM] * 4 [spatial multiplexing] * 1 [coding rate] +1200 [sub-carrier] * (14*4) [symbols)]* 6 [64QAM] * 4 [spatial multiplexing] * 1 [coding rate]* (1- 1/7) [DRS]) / 0.00421 [UL length per radio frame, 59 symbols including 1 symbol for GP] / 20 [MHz] = 17.1 [bps/Hz]
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