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Introduction
[bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK118][bookmark: OLE_LINK119]At RAN#75 meeting, New Study Item on Self Evaluation towards IMT-2020 submission was approved [1], the self evaluation will provide the performance results towards all the ITU-R IMT-2020 requirements. In Report ITU‑R M.2412 [2], five test environments and the baseline evaluation configurations are defined. In RAN1 #92, RAN1 92bis and RAN1 #93 meeting, some technical features and system configurations were offline discussed and agreed [3][4][5]. In order to collect the evaluation results from different companies, some detailed simulation assumptions should be further clarified.
In this contribution, we provide our detailed consideration on the overhead both of NR and LTE applied to our self evaluation results according to the discussion of previous meetings, email discussions and our further check. 
[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Discussion
NR Overhead
Downlink Overhead
[bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK446][bookmark: OLE_LINK447][bookmark: OLE_LINK56][bookmark: OLE_LINK57]The calculation of overhead for downlink spectral efficiency evaluation should take into account the SS/PBCH block, PDCCH, DM-RS, CSI-RS, TRS, PT-RS. The overhead values are related to the configurations/parameters of the signals/channels, such as the number of antenna ports, configuration types, periodicity, time-frequency density, etc. Considering the transmission mode and transmission ports configurations, reasonable options of downlink overhead parameters are listed in Table 1, 2 and 3. 
[bookmark: OLE_LINK183][bookmark: OLE_LINK184][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK5][bookmark: OLE_LINK136][bookmark: OLE_LINK137]Considering the overhead of CORESET, for simplicity, several complete OFDM symbols are assumed to be occupied by PDCCH. The capacity of the COREST should take into account the DCI for both DL and UL. According to the TS 36.211, a control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one resource block during one OFDM symbol. The numbers of CCE in one complete OFDM symbol is related to the bandwidth and the SCS. On the other hand, the system bandwidth can be scaled by the large SCS. According to the number of candidate UE, the capacity of the COREST should be no lower than 20 CCE, assuming 2CCE (one for DL and one for UL)*10 (UEs). In addition, the CCE for common DCI (4CCE) and the higher aggregation levels for poor transmission quality UEs should be also considered, the detailed assumption of PDCCH symbol number is list the following table 1. Considering the larger bandwidth and the transmission quality of PDCCH in different environments, the required COREST maybe decreased, so the overhead of PDCCH could be further reduced.
Considering the accuracy of the time-frequency tracking, we assumed the bandwidth of the CSI-RS resource of the TRS for the FR2 is the whole simulation bandwidth.

[bookmark: OLE_LINK444][bookmark: OLE_LINK445][bookmark: OLE_LINK442][bookmark: OLE_LINK443]Table 1 Recommended options of DL overhead assumption parameter values for NR
	[bookmark: OLE_LINK174][bookmark: OLE_LINK185]
	FR1
	FR2

	[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116]SS/PBCH block
	1 SS/PBCH blocks  per 20ms
	8 SS/PBCH blocks per 20ms

	PDCCH
	FDD: 3 OFDM symbols per slot
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK138][bookmark: OLE_LINK139]TDD: 2 OFDM symbols per slot
	2 OFDM symbols

	DM-RS
	4, 8,12 ports of Configuration type 2
	6 ports of Configuration type 2

	NZP CSI-RS for channel measurement
	[bookmark: OLE_LINK4]Non-precoded CSI-RS: 4,8,16,32 CSI-RS ports with periodicity of 10 slots
Precoded CSI-RS: 4 CSI-RS ports per UE with periodicity of 10 slots
	Non-precoded CSI-RS: 8,16,32 CSI-RS ports with periodicity of 10 slots
Precoded CSI-RS: 2/4 CSI-RS ports per UE with periodicity of 10 slots

	CSI-IM
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]4 REs per RB with periodicity of 10 slots
	4 REs per RB with periodicity of 10 slots

	TRS
	4 CSI-RS resource in 2 consecutive slots per 80ms, 52PRB
	4 CSI-RS resource in 2 consecutive slots per10ms, whole simulation bandwidth

	PT-RS
	[bookmark: OLE_LINK457][bookmark: OLE_LINK458][bookmark: OLE_LINK459]N.A.
	[bookmark: OLE_LINK460][bookmark: OLE_LINK461]1 ports, time density is 4 OS, frequency density is 4 PRB



[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Table 2 Detailed DL overhead assumption parameter values for FR1 for NR
	[bookmark: _Hlk520126627][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK199]Assumption parameters
	OH value (%)

	[bookmark: _Hlk520903984]DMRS
	CSI-RS
	CSI-IM
	TRS
	SSB
	PDCCH
	

	[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK34]FDD, 15KHz SCS

	8REs/RB/slot
	4ports/10slots
	[bookmark: OLE_LINK43][bookmark: OLE_LINK44]4REs /RB /10slots
	[bookmark: OLE_LINK45]624REs/80ms
	[bookmark: OLE_LINK46][bookmark: OLE_LINK47]1SSB/20ms
	[bookmark: OLE_LINK49]3 OS/slot
	27.305

	16REs/RB/slot
	8ports/10slots
	
	
	
	
	32.305

	24REs/RB/slot
	16ports/10slots
	
	
	
	
	37.543

	24REs/RB/slot
	32ports/10slots
	
	
	
	
	38.496

	[bookmark: OLE_LINK58][bookmark: OLE_LINK59]TDD, 15KHz SCS

	[bookmark: _Hlk520120945][bookmark: _Hlk520121816]8REs/RB/slot
	4ports/10slots
	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]4REs /RB /10slots
	[bookmark: OLE_LINK71][bookmark: OLE_LINK72]624REs/80ms
	[bookmark: OLE_LINK80][bookmark: OLE_LINK81]1SSB/20ms
	2 OS/slot
	21.930

	16REs/RB/slot
	8ports/10slots
	
	
	
	
	27.485

	24REs/RB/slot
	16ports/10slots
	
	
	
	
	33.468

	24REs/RB/slot
	32ports/10slots
	
	
	
	
	35.178

	8REs/RB/slot
	40ports/10slots
	
	
	
	
	25.776

	[bookmark: _Hlk520127045]16REs/RB/slot
	40ports/10slots
	
	
	
	
	30.904

	24REs/RB/slot
	40ports/10slots
	
	
	
	
	36.032

	TDD, 30KHz SCS

	8REs/RB/slot
	4ports/10slots
	[bookmark: OLE_LINK150]4REs /RB /10slots
	[bookmark: OLE_LINK151]612REs/80ms
	[bookmark: OLE_LINK152][bookmark: OLE_LINK153]1SSB/20ms
	[bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK156]3 OS/slot
	21.950

	16REs/RB/slot
	8ports/10slots
	
	
	
	
	27.506

	24REs/RB/slot
	16ports/10slots
	
	
	
	
	33.489

	24REs/RB/slot
	32ports/10slots
	
	
	
	
	35.198

	8REs/RB/slot
	40ports/10slots
	
	
	
	
	25.797

	16REs/RB/slot
	40ports/10slots
	
	
	
	
	30.925

	24REs/RB/slot
	40ports/10slots
	
	
	
	
	36.053



Table 3 Detailed DL overhead assumption parameter values for FR2 for NR
	Assumption parameters
	OH value (%)

	DMRS
	CSI-RS
	CSI-IM
	TRS
	SSB
	PDCCH
	PTRS
	

	[bookmark: OLE_LINK157][bookmark: OLE_LINK158]TDD, (80MHz, 60KHz SCS)

	[bookmark: _Hlk520127348][bookmark: _Hlk520126820][bookmark: _Hlk520127303]12REs/RB/slot
	8ports/10slots
	4REs /RB /10slots
	1260REs/10ms
	8SSB/20ms
	2 OS/slot
	1 ports PT-RS, (L,K) = (4,4)
	25.974

	
	16ports/10slots
	
	
	
	
	
	26.828

	
	32ports/10slots
	
	
	
	
	
	28.538

	
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]20ports/10slots
	
	
	
	
	
	27.256

	
	[bookmark: OLE_LINK8][bookmark: OLE_LINK15]40ports/10slots
	
	
	
	
	
	29.393

	[bookmark: OLE_LINK181][bookmark: OLE_LINK182][bookmark: OLE_LINK160]TDD (100MHz, 60KHz SCS)

	[bookmark: _Hlk520904632][bookmark: _Hlk520127618]12REs/RB/slot
	8ports/10slots
	[bookmark: OLE_LINK166]4REs /RB /10slots
	[bookmark: OLE_LINK177][bookmark: OLE_LINK180]1584REs/10ms
	[bookmark: OLE_LINK175][bookmark: OLE_LINK176]8SSB/20ms
	2 OS/slot
	1 ports PT-RS, (L,K) = (4,4)
	25.777

	
	16ports/10slots
	
	
	
	
	
	26.632

	
	32ports/10slots
	
	
	
	
	
	28.341

	
	20ports/10slots
	
	
	
	
	
	27.059

	
	40ports/10slots
	
	
	
	
	
	29.196

	[bookmark: OLE_LINK161][bookmark: OLE_LINK162]TDD (80MHz, 120KHz SCS)

	[bookmark: _Hlk520127679]12REs/RB/slot
	8ports/10slots
	4REs /RB /10slots
	636 REs/10ms
	8SSB/20ms
	3 OS/slot
	1 ports PT-RS, (L,K) = (4,4)
	25.801

	
	16ports/10slots
	
	
	
	
	
	26.656

	
	32ports/10slots
	
	
	
	
	
	28.365

	
	20ports/10slots
	
	
	
	
	
	27.083

	
	40ports/10slots
	
	
	
	
	
	29.220

	[bookmark: OLE_LINK163]TDD (100MHz, 120KHz SCS)

	12REs/RB/slot
	8ports/10slots
	4REs /RB /10slots
	792 REs/10ms
	8SSB/20ms
	3 OS/slot
	1 ports PT-RS, (L,K) = (4,4)
	25.607

	
	16ports/10slots
	
	
	
	
	
	26.462

	
	32ports/10slots
	
	
	
	
	
	28.171

	
	20ports/10slots
	
	
	
	
	
	26.889

	
	40ports/10slots
	
	
	
	
	
	29.026



[bookmark: OLE_LINK448][bookmark: OLE_LINK449][bookmark: OLE_LINK54][bookmark: OLE_LINK55]Note: the TDD slots configuration is DSUUD, where the slot format for the S slot is format #31 with 11 DL OS, 2 UL OS and 1 X OS. The D slot is format #0 with 14 DL OS, and the U slot is format #1 with 14 UL OS. Such a configuration is mostly aligned to the configuration used in LTE-advanced self evaluation for TDD. It would be better to compare the evaluation results. With different slots configuration assumption, the overhead may be different.
Uplink Overhead
[bookmark: OLE_LINK222][bookmark: OLE_LINK223]The calculation of overhead for uplink spectral efficiency evaluation should take into account the PUCCH, SRS, DM-RS and PT-RS. The overhead values are related to the configurations/parameters of the signals/channels, such as the number of ports, configuration types, periodicity, time-frequency density, etc. Considering the transmission mode and transmission ports configurations, reasonable options of uplink overhead parameters are listed in Table 4, 5 and 6.
[bookmark: OLE_LINK28][bookmark: OLE_LINK22][bookmark: OLE_LINK24][bookmark: _GoBack]Considering the overhead of PUCCH, both HARQ-ACK/NACK and CSI for downlink measurement may be transmitted in the PUCCH. We assume the periodicity of the downlink CSI measurement and reporting is 10 slots. It is assumed that PUCCH format 4 is configured every 10 slots and 3 PRB is needed according to the PUCCH capacity. For other uplink slots, PUCCH format 0 with 1 RB and 2 OFDM symbols are assumed to transmit the HARQ-ACK/NACK information.
[bookmark: OLE_LINK224][bookmark: OLE_LINK225]Table 4 Recommended options of UL overhead assumption parameter values for NR
	
	FR1
	FR2

	PUCCH
	· [bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK104][bookmark: OLE_LINK117][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK27][bookmark: OLE_LINK29]PUCCH format 4 of 3PRB, 14 OS in 1 slot
· PUCCH format 0 of 1PRB, 2 OS in other UL slots
	1. PUCCH format 4 of 3PRB, 14 OS in 1 slot
1. PUCCH format 0 of 1PRB, 2 OS in other UL slots

	SRS
	[bookmark: OLE_LINK454][bookmark: OLE_LINK455][bookmark: OLE_LINK456][bookmark: OLE_LINK462][bookmark: OLE_LINK463]2 OFDM symbols per 10 slots
	2 OFDM symbols per 10slots

	DM-RS
	[bookmark: OLE_LINK23][bookmark: OLE_LINK30][bookmark: OLE_LINK69][bookmark: OLE_LINK70]12 ports of Configuration type 2
	6 ports of Configuration type 2

	PT-RS
	N.A.
	2 ports, time density is 4 OS, frequency density is 4 PRB


Table 5 Detailed UL overhead assumption parameter values for FR1 for NR
	[bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK133][bookmark: OLE_LINK134]Assumption parameters
	[bookmark: OLE_LINK149][bookmark: OLE_LINK159]OH value (%)

	[bookmark: _Hlk520900018]DM-RS
	SRS
	PUCCH
	

	FDD (10MHz, 15KHz SCS, 52RB)

	[bookmark: OLE_LINK120]24REs/RB/slot
	[bookmark: OLE_LINK121][bookmark: OLE_LINK122]2OS, 10 slots period
	[bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131](12*14*3+12*2*9) REs
	16.456

	TDD (20MHz, 15KHz SCS, 106RB)

	[bookmark: OLE_LINK204][bookmark: OLE_LINK207]24REs/RB/slot
	2OS, 10 slots period
	(12*14*3+12*2*3) REs
	17.327

	TDD (20MHz, 30KHz SCS, 51RB)

	[bookmark: OLE_LINK164][bookmark: OLE_LINK165]24REs/RB/slot
	[bookmark: OLE_LINK167][bookmark: OLE_LINK168]2OS, 10 slots period
	[bookmark: OLE_LINK169][bookmark: OLE_LINK170](12*14*3+12*2*3) *2 REs
	18.039


[bookmark: OLE_LINK220][bookmark: OLE_LINK221]Table 6 Detailed UL overhead assumption parameters values for FR2 for NR
	[bookmark: OLE_LINK214][bookmark: OLE_LINK215]Assumption parameters
	[bookmark: OLE_LINK216][bookmark: OLE_LINK217]OH value (%)

	DM-RS
	SRS
	PUCCH
	PT-RS
	

	TDD (80MHz, 60KHz SCS, 105RB)

	24REs/RB/slot
	2OS, 10 slots period
	(12*14*3+12*2*3) *4 REs
	2ports,density (4,4)
	18.159

	TDD (100MHz, 60KHz SCS, 132RB)

	24REs/RB/slot
	2OS, 10 slots period
	(12*14*3+12*2*3) *4 REs
	2ports,density (4,4)
	18.030

	TDD (80MHz, 120KHz SCS, 53RB)

	24REs/RB/slot
	2OS, 10 slots period
	(12*14*3+12*2*3) *8 REs
	2ports,density (4,4)
	18.805

	TDD (100MHz, 120KHz SCS, 66RB)

	24REs/RB/slot
	2OS, 10 slots period
	(12*14*3+12*2*3) *8 REs
	2ports,density (4,4)
	18.535


[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK269]Note: the TDD slots configuration is DSUUD, where the slot format for the S slot is format #31 with 11 DL OS, 2 UL OS and 1 X OS. The D slot is format #0 with 14 DL OS, and the U slot is format #1 with 14 UL OS. Such a configuration is mostly aligned to the configuration used in LTE-advanced self evaluation for TDD. It would be better to compare the evaluation results. With different slots configuration assumption, the overhead may be different. 
LTE overhead
[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Downlink overhead
[bookmark: OLE_LINK186][bookmark: OLE_LINK187]The calculation of overhead for downlink spectral efficiency evaluation should take into account the configuration of the PSS/SSS, PBCH, PDCCH/EPDCCH, DM-RS, CSI-RS and CRS. In additional, the MBSFN subframes can be considered to decrease the overhead of CRS. Some reasonable options of downlink overhead parameters are listed in Table 7 and 8. 
Table 7 Recommended options of DL overhead assumption parameter values for LTE
	
	FR1

	PSS/SSS
	[bookmark: OLE_LINK210][bookmark: OLE_LINK211]288 REs/10ms

	PBCH
	288 REs/10ms

	PDCCH
	FDD: 3 OFDM symbols per subframe for non-MBSFN subfames and 2 OFDM symbols per subframe for MBSFN subframes
[bookmark: OLE_LINK208][bookmark: OLE_LINK209]TDD: 2 OFDM symbols per subframe

	DM-RS
	[bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK229][bookmark: OLE_LINK230]24 REs/PRB

	CSI-RS for channel measurement
	Non-precoded CSI-RS: 8,16,32 CSI-RS ports with periodicity of 10 subframe
Precoded CSI-RS: 4 CSI-RS ports per UE with periodicity of 10 subframe

	CRS
	4 ports

	MBSFN configurations
	MBSFN subframes
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]FDD: #1, #2, #3, #6, #7, and #8 subframe can be configured to be MBSFN subframe, 6 MBSFN subframes in 10ms
· TDD: #3, #4, #7, #8, and #9 subframe can be configured to be MBSFN subframe, for the DSUUD frame configurations, 2 MBSFN subframes in 10ms.
The non-MBSFN regin in the MBSFN subframe is 2 OFDM symbols



Table 8 Detailed DL overhead assumption parameters values for FR1 for LTE
	Assumption parameters
	OH value (%)

	DMRS
	CSI-RS
	CRS
	PSS/SSS
	PBCH
	PDCCH
	FDD
	TDD

	24REs/ subframe
	8ports,10ms
	[bookmark: OLE_LINK212][bookmark: OLE_LINK213][bookmark: OLE_LINK231][bookmark: OLE_LINK233][bookmark: OLE_LINK234]- 16REs/ subframes for FDD and TDD normal subframes
- 12REs/ subframe for DwPTS
- 0REs in MBSFN subframes
	288 REs/10ms
	288 REs/10ms
	- 3OS for FDD non-MBSFN subframes
- 2OS for TDD and MBSFN subframe
	36.400
	38.222

	
	16ports,10ms
	
	
	
	
	36.876
	39.077

	
	32ports,10ms
	
	
	
	
	37.829
	40.786

	
	40ports,10ms
	
	
	
	
	/
	41.641


Uplink overhead
The calculation of overhead for uplink spectral efficiency evaluation should take into account the PUCCH, SRS and DM-RS. The reasonable options of uplink overhead parameters are listed in Table 9 and 10.
Table 9 Recommended options of UL overhead assumption parameter values for LTE
	
	FR1

	PUCCH
	FDD: 2PRB pairs with 9 subframes and 4 PRB pair with 1 subframe 
TDD: 2PRB pairs with 3 subframes and 4 PRB pair with 1 subframe

	SRS
	FDD: 1 complete symbols with 5ms period
TDD: 2 complete symbols in UpPTS with 5ms period

	DM-RS
	[bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237]24REs/ subframe


Table 10 Detailed UL overhead assumption parameter values for FR1 for LTE
	Assumption parameters
	OH value (%)

	DM-RS
	SRS
	PUCCH
	

	FDD (10MHz, 15KHz SCS, 50RB)

	24REs/subframe
	12*(50-2)*2 REs/10ms
	[bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK240](12*14*2*9+12*14*4) REs
	20.057

	TDD (20MHz, 15KHz SCS, 100RB)

	24REs/subframe
	12*2*100*2 REs/10ms
	(12*14*2*3+12*14*4) REs
	22.333


Conclusion
In this contribution, we provide our detailed considerations on overhead for spectrum efficiency evaluation both for NR and LTE.
[bookmark: OLE_LINK232]Proposal 1： The detailed overhead assumption parameter in this contribution can be used for the ITU self-evaluation on spectrum efficiency.
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