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1 Introduction

This contribution contain an analysis of the impact on the repeaters out of band gain in the 3rd, or greater, adjacent channel. Two cases are studied: one where the repeater is used in an environment with a 70 dB MCL and one with 40 dB MCL. In the latter case the repeater's parameters have been adjusted accordingly (as discussed in TR 25.956, section 5.5). This input also contains a text change proposal for TS 25.106 v1.2.0.

2 Analysis of out of band gain in the 3rd adjacent channel

2.1
MCL=70 dB

In this case following parameters are seen to represent a repeater intended for normal applications and typical coupling loss values;

· Pmax_DLrep (maximum power down-link) = 30 dBm.

· Pmax_ULrep (maximum power up-link) = 12 dBm (the value can be reduced 18 dB with respect to the Downlink due to the uplink power control mechanism).

· G_maxrep (maximum repeater Gain, common for both directions) = 90 dB.

· CLBSB-Rep  (Coupling loss between repeater and base station B) = 100 dB.

· MCLUEB-rep (Mutual Coupling Loss between the repeater and the UEB) = 70 dB.

· ACG3rep (Adjacent Channel Gain in the 3rd adjacent channel) = 35 dB.

· ACCR3rep (Adjacent Channel Rejection Ratio in the 3rd adjacent channel) = G_maxrepeater  - ACG3rep = 55 dB.

In addition the following parameters are used in the analysis:

· P_maxUEB (UEB maximum UL power, operating at a frequency corresponding to the repeaters 3rd adjacent channel)= 21 dBm.

· ACS3UEB (the UE’s selectivity in the 3rd adjacent channel)= 52 dB

· P_maxBSB (BS B maximum DDL power) = 40 dBm.

Up-link interference:

Under the assumption that the signal amplified by the repeater outside of the operating band is interference, the resulting level at the base station can be calculated as

I_ULBSB 
= 21 dBm (P_maxUEB) - 70 dB (MCLUEB-rep) + 90 dB (G_maxrep) 

 - 55 dB (ACCR3rep) - 100 dB (CLBSB-Rep) = -114 dBm.

Down-link interference:

In the analysis of down-link interference, we compare the interference generated by the repeater's out of band gain (referred to ACG) to that caused by the UE's blocking sensitivity (ACS), where the values have been obtained with back calculations from TS 25.101:

I_DLUEB (ACG) = 40 dBm (P_maxBSB) -100 dB (CLBSB-Rep) + 35 dB (ACG3rep)
- 100 dB (CLBSB-Rep) = -95 dBm.

I_DLUEB (ACS)= 30 dBm (Pmax_DLrep) -70 dB (MCL) -52 dB (ACS3UEB)
= -92 dBm.

I_DLUEB (ACG+ACS) = -90,2 dBm

I.e. the additional interference generated by the repeater's out of band gain is 1,8 dB.

2.2
MCL=40 dB 

In this case the repeater's output power and gain is adjusted to a 40 dB MCL leading to the following;

· Pmax_DLrep (maximum power down-link) = 15 dBm.

· Pmax_ULrep (maximum power up-link) = -3 dBm.

· Grep (Gain, common for both directions) = 75 dB.

· CLBSB-Rep = 100 dB.

· MCLrep-UEB = 40 dB.

· ACG3rep = 75 dB (Grep) - 55 dB (ACRR3rep) = 20 dB.

In addition the following parameters are used in the analysis:

· PmaxUEB (operating at a frequency corresponding to the repeaters 3rd adjacent channel) = 21 dBm.

· ACS3UEB (the UEs selectivity in the 3rd adjacent channel) = 52 dB

· P_maxBSB = 40 dBm.

Up-link interference:
With a 40 dB MCLrep-UEB the repeater's gain is reduced by the repeater AGC due to the UEB's unwanted emission. The new inband gain level can be calculated as

G_newrep = -3 dBm (Pmax_ULrep) - -23 dBm (Pspur.maxUEB) + 40 (MCLrep-UEB) = 60 dB,

i.e. a reduction with 15 dB compared to the original settings.

Using this new inband gain level we calculate the up-link interference as:

I_ULBSB 
= 21 dBm (PmaxUEB) - 40 dB (MCLrep-UEB) + 60 (G_newrep) 

 - 55 dB (ACCR3rep) - 100 dB (CLBSB-Rep) = -113 dBm.

Down-link interference:

I_DLUEB (ACG) = 40 dBm (PmaxBSB) -100 dB (CLBSB-Rep) + 60 dB (G_newrep)
 - 55 dB (ACCR3rep) - 40 dB (MCLrep-UEB) = -95 dBm.

I_DLUEB (ACS)= 30 dBm (Pmax_DL rep) -40 dB (MCLrep-UEB) -52 dB (ACS3UEB)
= -62 dBm.

I_DLUEB (ACG+ACS) = -62 dBm.

As seen the interference caused by the repeater's out of band gain can be neglected compared to that caused by the UE's selectivity. 

3 Conclusion

In this contribution the rationale for a 35 dB out of band gain has been investigated. 

With a 35 dB adjacent channel gain value the interference caused in the up-link is about 10 dB below the sensitivity of the base station and comparable to the interference allowed for co-sited base stations. 

On the down-link we find that a 35 dB out of band gain the value will increase the interference somewhat (1,8 dB) compared to the interference due to the UEs blocking requirements in the 70 dB MCL case. In the 40 dB MCL the out of band gain will not increase the interference compared to that generated by the UEs blocking requirements.

The proposal is hence, to use a 35 dB out of band gain value for the region 12,5 MHz ( f_offset in TS 25.106.

4 Proposed text change to TS 25.106 V1.2.0

Table 8.1: Out of band gain limits
Frequency offset from the carrier frequency, f_offset
Maximum level

2,7 ( f_offset < 3,5 MHz
60 dB

3,5 ( f < 7,5 MHz
45 dB

7,5 ( f_offset < 12,5 MHz
45 dB

12,5 MHz ( f_offset
35 dB







