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Introduction
At RAN#90-e the support of one Rx branch and different maximum supported UE bandwidths for RedCap devices was discussed at length. To be specific, the currently approved WID for RedCap UEs in [1] leaves the minimum number of Rx branches supported by such UEs yet to be defined for those frequency bands where a legacy NR UE is required to be equipped with a minimum of 4Rx antenna ports. It is expected that the final decision will be taken during RAN#91-e meeting, see highlighted text excerpted from [1]:
· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· […]

This paper provides an analysis of the impact of RedCap devices on network’s spectral efficiency and capacity based on a measurement campaign carried out in TIM commercial network.
Measurement campaign
TIM is GCF 5G NR Option 3 Field Trial Qualified Operator since 2019, based on Annex B.10 [2]: EN-DC - E-UTRA/EPC + 5G NR (Option 3) Specific network information & drive route information 
The measurement campaign was carried out in TIM live commercial network with the following assumptions:
· NSA network (Option 3x)
· NR band: n78 (TDD)
· Channelization: 80 MHz
· SCS: 30 kHz
· Frame format: DDDDDDDSUU
· Single user scenario (all the radio resources allocated to the user)
The campaign was carried out by using a test UE allowing for switching on / off antenna ports and with external antennas (see Figure 1). The measurements have been obtained in different coverage conditions expressed in terms of SINR.
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Figure 1 – UE used in the campaign
Table 1 summarizes the results.
The following observations can be evinced from the results
· As it can be expected, by reducing the number of antenna ports from four to one the achievable throughput is roughly divided by four
· However, four antenna ports allow the use of higher modulation schemes even in poor SINR conditions
· The use higher modulation schemes is still possible in case of two antenna ports – hence with a reduced device complexity – while still providing (on average) a throughput of about 60% of the one obtained with four antenna ports and up to 80% of that throughput in poor SINR conditions
Observation 1 – Two and four antenna ports allow the use of higher modulation schemes even in poor SINR conditions
[bookmark: _GoBack]Observation 2 – Two antenna ports provide (on average) a throughput of about 60% of the one obtained with four antenna ports and up to 80% of the throughput with four antenna ports for a UE in poor SINR conditions
From the measurement campaign it clearly appears that devices supporting only one antenna port highly impair the network’s spectral efficiency and capacity, roughly requiring up to four times the radio resources vs UE supporting four antenna ports. On the other hand, the support of two antenna ports mitigates the impact on network’s spectral efficiency and capacity while still ensuring significant performance levels.
Another aspect to be taken into account is the peak performance that can be supported by RedCap UEs. From the measurement campaign it clearly appears that 150 Mbps DL throughput can be obtained with one antenna port ONLY in very good propagation conditions (i.e. “very good” SINR (17-18 dB) in Table 1, by using 256 QAM for about 100% of the time): however, even with “good” SINR (9-13 dB) and 80 MHz channelization, the peak data rate of 150 Mbps cannot be achieved. 
Observation 3 – With one antenna port, 150 Mbps DL throughput can be obtained ONLY with “very good” SINR (17-18 dB), i.e. when 256 QAM is used for 100% of the time. This implies that the peak data rate can be provided in a very limited coverage area.
Proposal
Based on the measurement campaign it appears evident that a UE supporting only 1 Rx brach highly impacts the network’s spectral efficiency and capacity. Therefore, Telecom Italia recommends RedCap UEs supporting as a minimum 2 Rx branches in frequency bands where 4 Rx antenna ports are mandatory.
Proposal 1 - RedCap UEs to support as a minimum 2 Rx branches in frequency bands where 4 Rx antenna ports are mandatory.
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Table 1 – Results of measurement campaign in live commercial network
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SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 0,64 2,10 2763,74 1,00 QPSK 76,23% Avg 215,46 1,00 7,10 27,59 25,22%

Min  -8,40 0,00 728,00 1,00 16-QAM 23,77% Min 206,00 1,00 1,00 0,00

Max 5,60 10,00 6402,00 1,00 Max 217,00 1,00 8,00 76,25

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 1,70 8,41 7130,76 1,00 QPSK 9,20% Avg 216,00 1,00 9,00 92,01 84,12%

Min  -2,00 4,00 3987,00 1,00 16-QAM 90,80% Min 216,00 1,00 9,00 48,55

Max 4,50 10,00 8556,00 1,00 Max 216,00 1,00 9,00 114,01

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 0,70 10,50 8523,99 1,00 QPSK 12,31% Avg 214,66 1,00 10,34 109,39 100%

Min  -11,00 0,00 877,00 1,00 16-QAM 30,00% Min 143,00 1,00 10,00 5,03

Max 9,00 17,00 14652,00 1,00 64-QAM 57,69% Max 217,00 1,00 11,00 192,23

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 8,32 10,97 9469,55 1,00 QPSK 11,02% Avg 214,45 1,00 11,66 101,30 23,99%

Min  2,20 0,00 771,00 1,00 16-QAM 35,59% Min 193,00 1,00 11,00 0,92

Max 11,10 19,00 15964,00 1,00 64-QAM 53,39% Max 217,00 1,00 12,00 204,51

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 8,02 8,83 15014,76 2,00 16-QAM 99,13% Avg 216,00 2,00 7,50 195,52 46,30%

Min  2,20 5,00 11617,00 2,00 64-QAM 0,87% Min 216,00 2,00 7,00 147,21

Max 10,60 11,00 16684,00 2,00 Max 216,00 2,00 8,00 234,87

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 10,31 18,01 31952,36 2,00 64-QAM 100,00% Avg 216,00 2,00 11,00 422,29 100%

Min  9,00 18,00 30670,00 2,00 Min 216,00 2,00 11,00 385,37

Max 12,30 19,00 32305,00 2,00 Max 216,00 2,00 11,00 459,74

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 10,92 15,26 13230,90 1,00 QPSK 6,11% Avg 212,15 1,00 13,49 138,98 23,27%

Min  3,00 0,00 776,00 1,00 16-QAM 22,90% Min 166,00 1,00 1,00 7,66

Max 15,80 25,00 21157,00 1,00 64-QAM 32,06% Max 217,00 1,00 14,00 272,03

256-QAM 38,93%

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 13,28 16,91 29610,22 2,00 64-QAM 95,20% Avg 216,00 2,00 10,37 391,34 65,51%

Min  4,40 11,00 24198,00 2,00 256-QAM 4,80% Min 216,00 2,00 9,00 302,42

Max 16,20 22,00 36500,00 2,00 Max 216,00 2,00 12,00 485,89

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 12,66 25,34 45304,83 2,00 256-QAM 100,00% Avg 216,00 2,00 13,85 597,36 100%

Min  8,90 23,00 41074,00 2,00 Min 216,00 2,00 13,00 526,16

Max 16,10 27,00 46841,00 2,00 Max 216,00 2,00 14,00 678,19

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 17,30 26,57 22602,98 1,00 QPSK 1,59% Avg 199,71 1,00 14,56 254,06 28,97%

Min  15,90 0,00 63,00 1,00 64-QAM 0,00% Min 16,00 1,00 1,00 0,00

Max 19,30 27,00 24629,00 1,00 256-QAM 98,41% Max 217,00 1,00 15,00 340,54

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 17,47 24,29 43153,81 2,00 256-QAM 100,00% Avg 216,00 2,00 13,24 567,62 64,74%

Min  16,10 23,00 40791,00 2,00 Min 216,00 2,00 13,00 514,30

Max 18,90 26,00 45770,00 2,00 Max 216,00 2,00 14,00 618,28

SINR MCS TBS RANK PRB RI CQI NR Tput

Avg 17,52 19,17 66738,01 3,99 64-QAM 86,57% Avg 216,00 3,99 10,58 876,84 100%

Min  16,30 18,00 65229,00 3,00 256-QAM 13,43% Min 216,00 3,00 10,00 792,74

Max 19,10 26,00 69525,00 4,00 Max 216,00 4,00 15,00 942,93
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