3GPP TSG RAN WG4 Meeting #88	R4-1810163
Gothenburg, Sweden, August 20 – 24, 2018

Agenda Item:	7.9.2.3
Source:	Huawei, HiSilicon
Title:	Test models with boosting/deboosting
Document for:	Approval


[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#AH-1807, WF [1] listed several areas of study for including boosting / deboosting in the test models. 
· WF
· Companies encouraged to present results to evaluate necessity of LTE-based boosting / deboosting in next meeting
· If boosting/de-boosting not necessity is not shown, simplification of test models is considered
· If boosting/de-boosting has impact upon RF requirements/performance, considerations of this parameter may be considered in the test model
This document first examines the boosting/deboosting aspects used in the LTE test models. Further discussion about boosting PRBs and channels, and signals including simulations. 
Discussion
LTE
Power levels per symbol
In LTE, certain symbols have boosting applied or have fixed power REs. In Figure 1, the power distribution across the REs in each symbol is fairly complex due to the presence of many channels / reference symbols.
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[bookmark: _Ref520810278]Figure 1. LTE FDD layouts: in symbols 0 and 1, the yellow shading indicates the PCFICH, PDCCH, PHICH, and CRS. There are some unoccupied REs. The light green shading indicates symbols with only PDSCH. The dark green shading indicates symbols with CRS and PDSCH. The red shading indicates SSS/PSS resource elements while the blue shading indicates PBCH resource elements.

A qualitative description of the power allocation per symbol is Table 1. 
[bookmark: _Ref520817051]Table 1. Power distribution
	TM
	Power per symbol

	E-TM1.1
	Power in control region (symbols 0-1) same as data region (symbols 2-13)

	E-TM1.2
	Power in control region same as data region

	E-TM2 (2a)
	Power in control region > data region

	E-TM3.1 (3.1a)
	Power in control region same as data region

	E-TM3.2
	Power in control region same as data region

	E-TM3.3
	Power in control region same as data region



Observation 1: In general, the power across symbols is the same except for one test model.
The point is a certain degree of RE level boosting / deboosting is needed to manage the power levels for testing.
PRB boosting / deboosting
In 36.141 [2], the use of PRB boosting/deboosting in the test models is captured in Table 2. In addition, channel and RE boosting/deboosting is used to distribute power to the CRS, control channels, and PBCH / SS blocks before distributing power to the PDSCH.
[bookmark: _Ref520460453]Table 2. LTE test models where PRB boosting is used.
	Test model
	Goal
	Boosted
	Deboosted

	E-TM1.2
	Unwanted emissions
-	ACLR
-	Operating band unwanted emissions
	40% PRBs boosted by 3 dB
	Remaining boosted by ‑4.7 dB

	E-TM3.2
	Transmitted signal quality
-	Frequency error
-	EVM for 16QAM modulation
	~60% PRBs boosted by ‑3 dB [16QAM]
	Remaining PRBs boosted by 2.427 dB [QPSK]

	E-TM 3.3
	Transmitted signal quality
-	Frequency error
-	EVM for QPSK modulation
	~50% PRBs boosted by ‑6 dB [QPSK]
	Remaining PRBs boosted by 2.427 dB [16QAM]



Observation 2: The test models with PRB boosting/deboosting are focused on unwanted emissions and EVM but not PAPR.
In test models E-TM2, E-TM 3.1, E-TM 3.2, and E-TM 3.3, EVM is measured on the desired signal at 4 levels: min, 0 dB, -3 dB, and -6 dB, respectively.
Observation 3: Boosting provides additional measurement points for EVM and for different modulations. 
NR
PRB boosting / deboosting
In [3], simulation results show that boosting / deboosting of reference symbols and PDCCH does not affect amplitude distributions (PAPR). As a followup, simulations were performed using TM1.2 as a baseline but varying the bandwidth and numerology as shown in Figure 2. These results are consistent with the published results in [3]. Simulation parameters are listed in Appendix A.
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	Boost vs. no-boost, PAPR distribution, QPSK, 270 RBs, µ=0
	Boosting: QPSK, PAPR distribution, (270 RBs, µ=0) (24 RBs, µ=2), (11 RBs, µ=1)


[bookmark: _Ref520876443][bookmark: _Ref520876439]Figure 2. PAPR distribution for TM1.2
The results show from a PAPR perspective, the effects of boosting are not observable for a range of RBs.
Observation 4: Boosting/de-boosting RBs does not affect PAPR results
Comparing the goals of E-TM1.1 and E-TM1.2, using boosting in E-TM1.2 enables testing of ACLR and unwanted emissions at a different operating point. In [6], the contribution states
Following TX requirements will be harder to fulfill in the presence of RE power control:
•	OOB requirements (ACLR, SEM, FCC, …) due to increased levels of PA IMD3 products. This is an issue for RE power up.
•	SEM, FCC at the channel edge and also the EVM “window length” requirements due to tighter OOB filtering requirements. Longer spectrum shaping filters may be required leading to increased CP consumption. This may make the “window length” requirements (TR 36.805, 6.8.1.1.6) more difficult to fulfil, in particular, for the E-UTRA BW options < 5 MHz. This is also an issue for RE power up.
•	EVM requirement for RE power down, this is mainly an issue for 64, 16 QAM modulated REs.
In addition, the contribution also shows measured results for ACLR (how boosting on some RBs affects ACLR). Since DL transmissions for some RBs will have some boosting for coverage / performance reasons, the impact on OOB performance needs to be measured.
Because of the aspect
Proposal 1: E-TM1.2 with its boosting shall be retained for NR to provide measurement points for ACLR and unwanted emissions.
The E-TM2 and E-TM3.1 models test EVM for 64QAM (256QAM) at low and high power levels. For the E-TM3.2 and E-TM3.3 models, boosting is used for EVM testing of 16QAM and QPSK at different power levels besides low and high power. This is in line with [6].
Proposal 2: E-TM3.2 and E-TM3.3 with their boosting shall be retained for NR to provide measurement points for EVM.
Symbol / channel boosting
In [5], a summary of the relationship between the channels and reference symbols was captured
· The downlink SSS transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry the SSS within the operating system bandwidth (cf. TS38.214 4.1).
· EPRE of DMRSPBCH, DMRSPDCCH, DMRSPDSCH, PSS, and NZP-CSI-RS are set relative to SSS EPRE
· EPRE of physical channels (PBCH, PDCCH, PDSCH) are set relative to the EPRE of associated DMRS (e.g., PDSCH to DMRSPDSCH)
· EPRE of PT-RS is set relative to the associated PDSCH
All these relationships are connected to the SSS. One simple rule is to make EPRE(PDCCH) = EPRE(DMRSPDCCH) and EPRE(PDSCH) = EPRE(DMRSPDSCH). 
Proposal 3: For the test models, EPRE(PDCCH) = EPRE(DMRSPDCCH) and EPRE(PDSCH) = EPRE(DMRSPDSCH).
If the SS block is not present in the test model, the question is how to set the power of the channels in relation to each other. One option is to use the control channel as the reference since its power does not vary across the test models. 
Proposal 4: If SS block is not used in the test model, the PDCCH can be used as power reference.

Conclusion
This contribution discusses aspects of boosting. 
For LTE:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: In general, the power across symbols is the same except for one test model.
Observation 2: The test models with PRB boosting/deboosting are focused on unwanted emissions and EVM but not PAPR.
Observation 3: Boosting provides additional measurement points for EVM and for different modulations. 
For NR:
Observation 4: Boosting/de-boosting RBs does not affect PAPR results
Proposal 1: E-TM1.2 with its boosting shall be retained for NR to provide measurement points for ACLR and unwanted emissions.
Proposal 2: E-TM3.2 and E-TM3.3 with their boosting shall be retained for NR to provide measurement points for EVM.
Proposal 3: For the test models, EPRE(PDCCH) = EPRE(DMRSPDCCH) and EPRE(PDSCH) = EPRE(DMRSPDSCH).
[bookmark: _GoBack]Proposal 4: If SS block is not used in the test model, the PDCCH can be used as power reference.
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Appendix
Appendix A
A simple block diagram of the simulation is presented in Figure 3. The seed for the scrambler is (slot # + 1)224 + 0xABCDEF. The mapping pattern is described in Appendix B.
Slot number
zeros
scramble
Map to RB
IFFT
Mapping pattern

[bookmark: _Ref520881195]Figure 3. Simulation layout
Appendix B
To avoid listing the RBs that were boosted, the procedure in [4] was used to select the RBs that were boosted. The selection of the parameters listed in Table 3 was based on avoiding linear mapping, e.g. P(i) = i. Two sets of parameters were used to avoid selecting similar sequences in consecutive slots. 
[bookmark: _Ref520473796]Table 3. Random function parameters. * indicates larger modulo used and undefined locations skipped
	RB N
	N
	Even numbered slots (f1, f2)
	Odd numbered slots (f1, f2)

	11 (12)*
	12
	(1, 6)
	(11, 6)

	24
	24
	(13, 18)
	(17, 6)

	270
	270
	(4, 75)
	(263, 240)



The parameters are used in the formula

with 

and s is the slot number in a subframe and . The values generated by the formulas are listed in Table 4
[bookmark: _Ref520473724]Table 4. Boosted RBs
	RB
	[Slot number] boosted RB

	11
	[0]	2, 4, 6, 9
[1]	1, 3, 6, 8
[2]	1, 4, 6, 8
[3]	1, 4, 6, 9
[4]	1, 3, 6, 8
[5]	2, 4, 7, 9
[6]	3, 5, 8, 10
[7]	0, 2, 7, 9
[8]	0, 5, 7, 10
[9]	0, 5, 7, 10

	24
	[0]	2, 4, 6, 8, 9, 11, 13, 15
[1]	1, 2, 5, 6, 12, 15, 16, 19, 20
[2]	6, 8, 10, 12, 13, 14, 15, 17, 19
[3]	1, 2, 8, 11, 12, 15, 16, 21, 22
[4]	10, 12, 14, 16, 17, 18, 19, 21, 22
[5]	4, 7, 8, 11, 12, 17, 18, 21, 22
[6]	1, 3, 14, 16, 18, 29, 21, 22, 23
[7]	0, 3, 4, 7, 8, 13, 14, 17, 18
[8]	0, 1, 2, 3, 5, 7, 18, 20, 22
[9]	0, 3, 4, 9, 10, 13, 14, 20, 23

	270
	[0]	5, 10, 11, 13, 15, 17, 18, 21, 23, 24, 25, 29, 37, 38, 40, 42, 44, 45, 48, 50, 52, 55, 56, 62, 66, 67, 69, 70, 72, 77, 82, 83, 89, 90, 93, 94, 95, 96, 97, 109, 110, 112, 114, 116, 117, 120, 122, 124, 127, 128, 136, 138, 139, 141, 143, 144, 147, 149, 151, 154, 155, 161, 162, 165, 166, 168, 169, 171, 176, 181, 182, 184, 188, 189, 192, 193, 194, 195, 196, 208, 209, 211, 213, 215, 216, 219, 221, 223, 226, 227, 233, 237, 238, 240, 241, 242, 243, 248, 250, 253, 254, 260, 261, 264, 265, 266, 267, 268
[1]	5, 11, 12, 13, 15, 16, 17, 18, 23, 28, 29, 31, 33, 36, 39, 43, 46, 50, 54, 56, 57, 60, 61, 62, 64, 68, 74, 75, 76, 78, 79, 80, 86, 91, 92, 94, 96, 98, 99, 106, 109, 112, 113, 117, 119, 120, 124, 125, 127, 131, 135, 137, 138, 139, 141, 142, 143, 149, 154, 155, 156, 157, 159, 161, 162, 172, 175, 177, 180, 182, 183, 187, 188, 190, 194, 198, 200, 201, 202, 204, 205, 206, 212, 217, 218, 219, 220, 222, 223, 224, 225, 230, 235, 238, 240, 243(, 246, 250, 251, 253, 257, 261, 263, 264, 265, 267, 268, 269,
[2]	1, 2, 8, 12, 13, 15, 16, 18, 23, 28, 29, 35, 36, 39, 40, 41, 42, 43, 55, 56, 58, 60, 62, 63, 66, 68, 70, 73, 74, 82, 84, 85, 87, 89, 90, 93, 95, 97, 100, 101, 107, 108, 111, 112, 114, 115, 117, 122, 127, 128, 130, 134, 135, 138, 139, 140, 141, 142, 154, 155, 157, 159, 161, 162, 165, 167, 169, 172, 173, 179, 183, 184, 186, 187, 188, 189, 194, 196, 199, 200, 206, 207, 210, 211, 212, 213, 214, 221, 226, 227, 229, 231, 233, 234, 237, 239, 240, 241, 245, 253, 254, 256, 258, 260, 261, 264, 266, 268
[3]	1, 4, 5, 9, 11, 12, 16, 17, 19, 23, 27, 29, 30, 31, 33, 34, 35, 41, 46, 47, 48, 49, 51, 53, 54, 64, 67, 69, 72, 74, 75, 79, 80, 82, 86, 90, 92, 93, 94, 96, 97, 98, 104, 109, 110, 111, 112, 114, 115, 116, 117, 122, 127, 130, 132, 135, 138, 142, 143, 145, 149, 153, 155, 156, 157, 159, 160, 161, 167, 173, 174, 175, 177, 178, 179, 180, 185, 190, 191, 193, 195, 198, 201, 205, 208, 212, 216, 218, 219, 222, 223, 224, 226, 230, 236, 237, 238, 240, 241, 242, 248, 253, 254, 256, 258, 260, 261, 268
[4]	1, 2, 4, 6, 8, 9, 12, 14, 16, 19, 20, 28, 30, 31, 33, 35, 36, 39, 41, 43, 46, 47, 53, 54, 57, 58, 60, 61, 63, 68, 73, 74, 76, 80, 81, 84, 85, 86, 87, 88, 100, 101, 103, 105, 107, 108, 111, 113, 115, 118, 119, 125, 129, 130, 132, 133, 134, 135, 140, 142, 145, 146, 152, 153, 156, 157, 158, 159, 160, 167, 172, 173, 175, 177, 179, 180, 183, 185, 186, 187, 191, 199, 200, 202, 204, 206, 207, 210, 212, 214, 217, 218, 224, 228, 229, 231, 232, 234, 239, 244, 245, 251, 252, 255, 256, 257, 258, 259
[5]	1, 2, 3, 4, 6, 7, 8, 9, 14, 19, 22, 24, 27, 30, 34, 35, 37, 41, 45, 47, 48, 49, 51, 52, 53, 59, 65, 66, 67, 69, 70, 71, 72, 77, 82, 83, 85, 87, 90, 93, 97, 100, 104, 108, 110, 111, 114, 115, 116, 118, 122, 128, 129, 130, 132, 133, 134, 140, 145, 146, 148, 150, 152, 153, 160, 163, 166, 167, 171, 173, 174, 178, 179, 181, 185, 189, 191, 192, 193, 195, 196, 197, 203, 208, 209, 210, 211, 213, 215, 216, 226, 229, 231, 234, 236, 237, 241, 242, 244, 248, 252, 254, 255, 256, 258, 259, 260, 266
[6]	0, 3, 4, 6, 7, 9, 14, 19, 20, 22, 26, 27, 30, 31, 32, 33, 34, 46, 47, 49, 51, 53, 54, 57, 59, 61, 64, 65, 71, 75, 76, 78, 79, 80, 81, 86, 88, 91, 92, 98, 99, 102, 103, 104, 105, 106, 113, 118, 119, 121, 123, 125, 126, 129, 131, 132, 133, 137, 145, 146, 148, 150, 152, 153, 156, 158, 160, 163, 164, 170, 174, 175, 177, 178, 180, 185, 190, 191, 197, 198, 201, 202, 203, 204, 205, 217, 218, 220, 222, 224, 225, 228, 230, 232, 235, 236, 244, 246, 247, 249, 251, 252, 255, 257, 259, 262, 263, 269
[7]	0, 2, 3, 6, 7, 8, 10, 14, 20, 21, 22, 24, 25, 26, 32, 37, 38, 40, 42, 44, 45, 52, 55, 58, 59, 63, 65, 66, 70, 71, 73, 77, 81, 83, 84, 85, 87, 88, 89, 95, 100, 101, 102, 103, 105, 107, 108, 118, 121, 123, 126, 128, 129, 133, 134, 136, 140, 144, 146, 147, 148, 150, 151, 152, 158, 163, 164, 165, 166, 168, 169, 170, 171, 176, 181, 184, 186, 189, 192, 196, 197, 199, 203, 207, 209, 210, 211, 213, 214, 215, 221, 227, 228, 229, 231, 232, 233, 234, 239, 244, 245, 247, 249, 252, 255, 259, 262, 266
[8]	0, 3, 5, 7, 10, 11, 17, 21, 22, 24, 25, 26, 27, 32, 34, 37, 38, 44, 45, 48, 49, 50, 51, 52, 59, 64, 65, 67, 69, 71, 72, 75, 77, 78, 79, 83, 91, 92, 94, 96, 98, 99, 102, 104, 106, 109, 110, 116, 120, 121, 123, 124, 126, 131, 136, 137, 143, 144, 147, 148, 149, 150, 151, 163, 164, 166, 168, 170, 171, 174, 176, 178, 181, 182, 190, 192, 193, 195, 197, 198, 201, 203, 205, 208, 209, 215, 216, 219, 220, 222, 223, 225, 230, 235, 236, 238, 242, 243, 246, 247, 248, 249, 250, 262, 263, 265, 267, 269
[9]	0, 10, 13, 15, 18, 20, 21, 25, 26, 28, 32, 36, 38, 39, 40, 42, 43, 44, 50, 55, 56, 57, 58, 60, 61, 62, 63, 68, 73, 76, 78, 81, 84, 88, 89, 91, 95, 99, 101, 102, 103, 105, 106, 107, 113, 119, 120, 121, 123, 124, 125, 126, 131, 136, 137, 139, 141, 144, 147, 151, 154, 158, 162, 164, 165, 168, 169, 170, 172, 176, 182, 183, 184, 186, 187, 188, 194, 199, 200, 202, 204, 206, 207, 214, 217, 220, 221, 225, 227, 228, 232, 233, 235, 239, 243, 245, 246, 247, 249, 250, 251, 257, 262, 263, 264, 265, 267, 269
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