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1. Introduction

In RAN#86, a new Rel-17 SI on support of reduced capability NR devices was approved [1] and was further updated in [2]. The discussion in RAN1 started in RAN1#101-e and some agreements on link budget template and antenna array gain were made in [3].
Agreement:
· Down selection on the following options for the link budget template for FR1 in next meeting.

· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.

· FFS: The template provided by FL in Tdoc R1-2005005.

· Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.

· Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.

Agreement:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.

· Option 1: Antenna array gain is included in the link budget template. 

· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)

· FFS: For TDL channel model

· FFS: Values reflective of realistic implementation and network operation.

· Option 2: Antenna array gain is included in LLS.

· FFS: For CDL channel model

In this contribution, we provide our considerations on link budget template and antenna array gain based on the agreements in the last meeting.

2. Discussion
2.1 Antenna array gain
The following agreement on antenna array gain was achieved during RAN1 # 101-e.

	Agreement:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 

· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)

· FFS: For TDL channel model

· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model


The main difference between option 1 and option 2 is where we should address the antenna array gain, i.e. in the link budget template or in the LLS. The concerns on including antenna array gain in the link budget template are the calculated AAG is too theoretical which cannot reflect the factors in reality. First of all, option 1 is actually extensively used in IMT-2020 self-evaluation and has been well developed. We think it is sufficient for coverage evaluation purpose in coverage enhancement. Secondly, the link level simulation will be significantly slowed down which is unacceptable considering the very tight time unit assigned for coverage enhancement if the AAG need to be addressed in LLS. On the other hand, the impacts on realistic implementations can still be reflected even if the AAG is included in the template, e.g. introducing an realistic factor when calculate the AAG. Last but not least, how to capture the antenna array gain does not make any difference if the target performance and the baseline performance both address the antenna array gain in the same way.

Regarding the equation of antenna gain proposed in the FFS bullet, we don’t think it is the total antenna gain which only reflects analog antenna gain.

Based on below Figure 1, the total array gain can be expressed as the following formula 

Array gain = AGC 1+AGC 2    (1)
Where,

AGC1: Antenna gain component 1 for mapping from k RF chains in LLS to N TxRUs.

AGC2: Antenna gain component 2 for mapping from N TxRUs to M antenna elements.

Above formula of antenna gain in the agreement of RAN1#101 meeting should be expressed as total antenna gain but the proposed formula only reflects analog antenna gain (AGC2). The formula of antenna gain should be modified as follows:

 Array gain = AGC1 +AGC2=10 * 1og10 (number of antenna elements/number of TxRUs) + 10 * 1og10 (number of TxRUs /number of RF chains)    (2)
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Figure 1: Components of antenna gain for gNB architecture 
Porposa11:  The antenna array gain should be included in link budget template and the relevant formula should be updated as below:
Array gain = AGC1 +AGC2=10 * 1og10 (number of antenna elements/number of TxRUs) + 10 * 1og10 (number of TxRUs /number of RF chains)  
2.2 Link budget template
In TR36.824, maximum coupling loss is defined as the difference between transmitter and receiver in terms of power. Maximum path loss is defined in the link budget template used for IMT-2020 wherein more practical aspects, e.g. antenna gain, hardware loss, are considered. It should also be noticed that the gain from antenna array is calculated in the template for MPL while it has to be reflected in the LLS if MCL defined in TR36.824 is adopted.  The calculation procedure for MPL and MCL is shown in table 1. 

Table 1: The calculation procedure for MPL and MCL

	Metric used for coverage evaluation
	Component 
	Definition

	MCL(Maximum coupling loss)
	1) Tx power  (dBm)


(2) Thermal noise density (dBm/Hz)

(3) Receiver noise figure (dB)

(4) Interference margin (dB)

(5) Occupied channel bandwidth (Hz)

(6) Effective noise power= (2) + (3) + (4) + 10 log(5)  (dBm)

(7) Required SINR (dB)

(8) Receiver sensitivity= (6) + (7) (dBm)
	The definition of MCL is in [5]
MCL = (1)-(8) (dB)

	MPL(Maximum path loss)
	(1) MCL in [4]
(2) Cable, connector, combiner, body losses at Tx and Rx side
(3) H-ARQ gain for control channel/ data channel
(4) Receiver implementation margin 

(5) gNB Antenna gain
(6) UE Antenna gain

(7) Shadow fading margin 
(8) BS selection/macro-diversity gain
(9) Penetration margin 
(10) Other gains
	The definition of MPL is in [4] 

MPL=(1)-(2)+(3)-(4)+(5)+(6)-(7) + (8)-(9)+(10)


It can be observed that more practical aspects are taken into account when calculating maximum path loss in the link budget template used in IMT-2020 self-evaluation. From this perspective, the MPL can achieve more accurate coverage evaluation results compared to MCL. It should also be noted that the maximum coupling loss defined in TR36.824 is only used for the coverage evaluation in 3rd generation system and 4th generation system but not verified in the 5th generation system. The parameters and calculation formula need to be carefully discussed and determined, which requires additional efforts to modify the template for accommodating the new scenarios for 5G RAT. On the other hand, the link budget template applied in IMT-2020 is design for 5G RAT and can be reused with limiting modifications. 
Furthermore, considering the extensive application of massive MIMO, the array gain has to be taken into account when we evaluate the coverage. In the template defined for MCL in TR36.824, the antenna array gain has to be reflected by the required SNR, which means it has to be considered in LLS. It will significantly slow down the simulation especially in the case 64 TxRUs are mandatory. From this perspective, the original template defined in TR36.824 is unacceptable.

Proposal 2: Adopt the link budget template based on IMT-2020 self-evaluation with necessary revisions and take MPL as the evaluation metric.
As analyzed above, the link budget template used for IMT-2020 self-evaluation with more realistic factors can provide more practical results for coverage evaluation. Furthermore, the limited time units assigned for coverage enhancement should also be taken care of.  We focus on the revisions for the link budget template based on IMT-2020 self-evaluation. Basically, all the parameters included in the template can be categorized into four groups: 

· Group 1: the parameters are neither used for the MPL calculation in the template nor used in the LLS. These parameters can be either maintained in the template only for information or removed, e.g. most parameters belong to system configuration.
· Group 2: the parameters are only used for the MPL calculation in the template and can reuse the values for IMT-2020 self-evaluation.

· Group 3: the parameters are only used for the MPL calculation in the template and need to be updated according to the target scenarios, including the introduced new parameters.
· Group 4: the parameters are actually used for LLS simulation and not used for the MPL calculation in the template. These parameters can be either maintained in the template for information or removed.

Table 2: Link budget template classification of IMT-2020 self-evaluation
	Item
	Note

	Carrier frequency (GHz)
	Group1: Only for information

	BS antenna heights (m)
	Group1: Only for information

	UT antenna heights (m)
	Group1: Only for information

	Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )
	Group1: Only for information

	Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )
	Group1: Only for information

	Transmission bit rate for control channel (bit/s)
	Group4: Only reflected in LLS

	Transmission bit rate for data channel (bit/s)
	Group4: Only reflected in LLS

	Target packet error rate for the required SNR in item (19a) for control channel
	Group4: Only reflected in LLS

	Target packet error rate for the required SNR in item (19b) for data channel
	Group4: Only reflected in LLS

	Spectral efficiency(2) (bit/s/Hz)
	Group1: Only for information

	Pathloss model(3) (select from LoS or NLoS)
	Group4: Only reflected in LLS

	UE speed (km/h)
	Group4: Only reflected in LLS

	Feeder loss (dB)
	Group1: Only for information

	Transmitter
	　

	(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)
	Group3: Updated according to CE scenarios

	(1a) Number of TxRUs
	Group3: New parameters introduced for CE

	(1b) Number of transmit RF chains
	Group3: New parameters introduced for CE

	(2) Maximal transmit power per antenna (dBm)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(3) Total transmit power = function of (1) and (2) (dBm) 
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(4) Transmitter antenna gain (dBi)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB) = (5a) + (5b) (dB) 
	Group3: Updated according to CE scenarios

	(5a) Transmitter antenna gain mapping from RF chains in LLS to TxRUs (dB)
	Group3: Updated according to CE scenarios

	(5b) Transmitter antenna gain mapping from TxRUs to antenna elements (dB)
	Group3: Updated according to CE scenarios

	(6) Control channel power boosting gain (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(7) Data channel power loss due to pilot/control boosting (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	Group2: Reuse assumption of IMT-2020 self-evaluation

	Receiver
	　

	(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	Group4: Only reflected in LLS

	(10a) Number of TxRUs
	Group3: New parameters introduced for CE

	(10b) Number of transmit RF chains
	Group3: New parameters introduced for CE

	(11) Receiver antenna gain (dBi)
	Group3: Updated according to CE scenarios

	(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB) = (11bis-a) + (11bis-b)  dB
	Group3: Updated according to CE scenarios

	(11bis-a) Receiver  antenna gain mapping from RF chains in LLS to TxRUs (dB)
	Group3: Updated according to CE scenarios

	(11bis-b) Receiver  antenna gain mapping from TxRUs to antenna elements (dB)
	Group3: Updated according to CE scenarios

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(13) Receiver noise figure (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(14) Thermal noise density (dBm/Hz)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(15b) Receiver interference density for data channel (dBm/Hz) 
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
	Group3: Updated according to CE scenarios

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
	Group3: Updated according to CE scenarios

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(19a) Required SNR for the control channel (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(19b) Required SNR for the data channel (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(20) Receiver implementation margin (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(21b) H-ARQ gain for data channel (dB)
	Group4: Only reflected in LLS

	(22a) Receiver sensitivity for control channel  = (18a) + (19a)  + (20)  dBm
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(22b) Receiver sensitivity for data channel  = (18b)  + (19b) + (20) – (21b)  dBm
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(23a) Hardware link budget for control channel  =  (9a) + (11) + (11bis) − (22a) dB
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(23b) Hardware link budget for data channel  = (9b) + (11) + (11bis) − (22b)   dB
	Group2: Reuse assumption of IMT-2020 self-evaluation

	Calculation of available pathloss
	　

	(24) Lognormal shadow fading std deviation (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB) (Note1)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) (Note1)
	Group2: Reuse assumption of IMT-2020 self-evaluation for FR1

	(26) BS selection/macro-diversity gain (dB)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(27) Penetration margin (dB)(Note2)
	Group2: Reuse assumption of IMT-2020 self-evaluation for FR1

	(28) Other gains (dB) (if any please specify)
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(29a) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12)   dB
	Group2: Reuse assumption of IMT-2020 self-evaluation

	(29b) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)   dB
	Part2: Reuse assumption of IMT-2020 self-evaluation


Note 1: Shadow fading margin is determined by path loss model slope, shadow fading standard deviation (SD), and target area coverage reliability (ACR). Moreover, different penetration losses should be taken into account for different scenarios (Detail description on Shadow fading margin can refer to [6]). For FR2, shadow fading margin value can refer to [6] as there is no instruction for FR2 from IMT-2020 self-evaluation.

Note2: Penetration loss is modeled with considering the following two parameters: 1) Penetration margin, which will be directly added to obtain total propagation margin (Detail description in [7]). 2) Penetration Standard Deviation (SD), which will be integrated with shadow fading SD in order to calculate shadow fading margin (Detail description in [7]). For FR2, penetration margin value can refer to [6] as there is no instruction for FR2 from IMT-2020 self-evaluation.

Note3: In IMT-2020 self-evaluation, link budget template with channel model B is designed for FR2. Hence we suggest using Model B template in IMT-2020 self-evaluation for calculation of the target MPL for FR2 in coverage enhancement evaluation.

Proposal 3: Update the link budget template used for IMT-2020 self-evaluation based on the Table 2.
3. Conclusions
In this contribution, we discussed about the remaining issue on. Our proposals are as follows:
Porposa1 1:  The antenna array gain should be included in link budget template and the relevant formula should be updated as below:
Array gain = AGC1 +AGC2=10 * 1og10 (number of antenna elements/number of TxRUs ) + 10 * 1og10 (number of TxRUs /number of RF chains)  
Proposal  2: Adopt the link budget template based on IMT-2020 self-evaluation with necessary revisions and take MPL as the evaluation metric.
Proposal 3: Update the link budget template used for IMT-2020 self-evaluation based on the table 2.
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