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1. Introduction

D2D operates on the UL spectrum for FDD bands. This presents the new requirement of the UE to receive on the FDD UL spectrum. Hence D2D Rx characteristics will need to be defined for FDD bands using the new D2D specific reference measurement channels (RMCs).

In this contribution, we present our proposals on the receiver selectivity requirements to jammer for D2D. These include ACS, Blocking, Spurious response, and Wideband intermodulation requirements. Table 1 provides a summary of the proposals made in this paper.

Table 1: Summary of proposals on receiver selectivity to Jammer requirements for D2D on FDD bands.
	Requirement
	Sub-clause
	Section (in TS36.101)
	Summary of Proposals

	Receiver Characteristics

	Adjacent channel selectivity
	7.5
	Reuse existing jammer-to-signal requirements w.r.t. D2D RMC.

	Blocking characteristics
	In-band blocking
	7.6.1
	Reuse existing jammer-to-signal requirements w.r.t. D2D RMC. This requires lowering the interferer level by a factor of 10log10(NRB/LCRB), where LCRB is the transmission BW of D2D RMC.

	
	Out-of-band blocking
	7.6.2
	

	
	Narrow band blocking
	7.6.3
	

	Spurious Response
	7.7
	

	Intermodulation characteristics
	Wide band intermodulation
	7.8.1
	


2. Requirements on receiver selectivity to Jammer
The discussion in subsection applies to requirements in the presence of jammer, and includes ACS, blocking, wideband intermodulation and spurious response requirements.
We propose to reuse the existing receiver selectivity requirements (in terms of jammer-to-signal power ratio) for D2D Rx on FDD UL. This is based on the following rationales:
· UE implementation rationale:
· For receiving on FDD UL for D2D, the existing RF architecture will be reused w.r.t. UE implementation. The UE will reuse the existing filters (both RF band duplexers and baseband filters), LNA, etc. and hence the current selectivity to jammer shall apply for D2D Rx.
· Note that meeting the existing selectivity requirements with D2D specific RMC may present a tighter requirement due to the narrowband D2D RMC (e.g., 2RB). For example, ACS requirement will now be tested by using a narrowband RMC (e.g., 2RBs) that can be placed adjacent to a wideband ACS Jammer (e.g., 5MHz for 10MHz channel bandwidth test) and is hence more susceptible to the colored-interference caused by the jammer.
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· System level rationale:
· In legacy WAN Rx case, when the blocker is another eNodeB, the selectivity requirements are consistent when compared to the corresponding Tx requirements for eNodeB. For example, UE ACS of 33dB is consistent with the eNodeB ACLR of 45dBs. Thus UE ACS is limiting for the legacy WAN case. For D2D Rx on FDD UL, when the blocker is another UE, having an ACS of higher than 33dB is not helpful considering the UE ACLR of 30dBc. Comparing the existing UE Rx selectivity requirements with UE Tx emissions requirements, it’s evident that high selectivity is not helpful w.r.t. system level performance. 

· For D2D Rx on FDD UL, the system performance will be limited by in-band emissions from D2D UEs. This is shown using the following simulation results where we simulated a victim network performing D2D discovery or communication on FDD UL spectrum, and a coexisting WAN network. Worst-case assumptions were made: 

a) Layout Option 1 (indoor/outdoor drop; D2D carrier frequency 2GHz) for D2D discovery system simulations – that’s the worst-case due to very high UE clustering.
b) Layout Option 5 (with indoor/outdoor drop; D2D carrier frequency 700MHz) for D2D communication system simulations – that’s the worst-case due to very high UE clustering.

c) Full-buffer traffic for WAN UEs is assumed to simulate the worst-case persistence of jammers. 
d) Ideal WAN UE transmissions (i.e., no ACLR etc.) was assumed.
Hence these results are still pessimistic results w.r.t. the receiver selectivity – i.e., even lower receiver selectivity may suffice. 
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Figure 1: D2D discovery performance (#UE discovered) w.r.t. receiver selectivity.
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Figure 2: D2D communications performance (successful VoIP D2D links) w.r.t. receiver selectivity.


Comparing with the current receiver selectivity levels (listed below), it can be concluded that the existing receiver selectivity requirements to jammer exceed the minimum required to ensure the desired system level performance.
	Legacy WAN Rx jammer requirement
	Selectivity (e.g., 10MHz system, B1)

	ACS
	33 dB

	In-band blocking
	Case 1:~33dB; Case 2:~45dB

	Out-of-band blocking
	~45dB; ~59dB; ~74dB

	Narrowband blocking
	~27dB

	Wideband intermodulation
	~43dB

	Spurious response
	~45dB


Note that the above results can also be reinterpreted with respects to Tx leakage from nearby UE instead of receiver selectivity of D2D UEs as the axis in the results. 
Conclusion: D2D system performance is largely dominated by in-band emissions from other D2D UEs, over the effect of other in-channel proximal WAN UEs transmitting in non-D2D channel (including effect of both Tx emissions and receiver blocking).
· In the legacy WAN Rx case, the jammer (in-band blocker for example) is DL signal (eNodeB) that will be transmitting persistently. For D2D Rx on FDD UL, the jammers (in-band for example) are other UEs that are not persistently transmitting at all times. Further, the probability of blocking from such terminals is very low due to the low density of UEs transmitting at high power.  

In view of the above rationales, the following proposal is made:
Proposal 1: For D2D Rx on FDD UL, reuse the existing receiver selectivity requirements (in terms of jammer-to-signal power ratio) using D2D specific reference measurement channel. This includes ACS, blocking, wideband intermodulation and spurious response requirements.
Two further aspects are now discussed with regard to specifying the jammer requirements:

· Modulated interferer: For the Rx jammer requirements that involve a modulated interferer (ACS, In-band blocking, wideband intermodulation), it is proposed that the interferer be as specified in BS specifications instead of DL interferer as specified currently for UE Rx specifications.
· Specifying same jammer-to-signal power ratio: The following table lists the proposal on how to specify the requirements so as to maintain the same jammer-to-signal power ratio. This is required since some requirements are specified with wanted signal power specified relative to RefSens, while the interferer level is at a fixed level. For D2D Rx on FDD UL, the RefSens will be lower by the factor 10log10(NRB/LCRB) corresponding to the narrowband (LCRB RBs) D2D RMC (LCRB RBs). Hence it is proposed that the interferer level be also lowered by the same factor.
Table 2: How to specify same jammer-to-signal power ratio requirements?
	Rx requirement
	How requirement is currently specified
	Proposal

	
	Wanted Signal
	Interferer
	

	ACS Case 1
	Relative to RefSens
	Relative to RefSens
	No change

	ACS Case 2
	Fixed
	Fixed
	No change

	Blocking, Wideband Intermodulation, Spurious response
	Relative to RefSens
	Fixed
	Lower interferer level by 10log10(NRB/LCRB), where LCRB is the transmission BW of D2D RMC.


Proposal 2: For D2D Rx on FDD UL, the modulated interferer (in the case of ACS, in-band blocking and wideband intermodulation) shall be QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.
Proposal 3: For D2D Rx on FDD UL, the interfere level for blocking (in-band, out-of-band, narrowband), wideband intermodulation, and spurious response are specified by lowering the interferer level by 10log10(NRB/LCRB), where LCRB is the transmission BW of D2D RMC.
3. Conclusions

In this paper, the following proposals are made on the Rx selectivity requirements to jammer for D2D Rx on FDD UL.

TP for TR 36.877 corresponding to these proposals is included in the Appendix.
Proposal 1: For D2D Rx on FDD UL, reuse the existing receiver selectivity requirements (in terms of jammer-to-signal power ratio) using D2D specific reference measurement channel. This includes ACS, blocking, wideband intermodulation and spurious response requirements.
Proposal 2: For D2D Rx on FDD UL, the modulated interferer (in the case of ACS, in-band blocking and wideband intermodulation) shall be QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.

Proposal 3: For D2D Rx on FDD UL, the interfere level for blocking (in-band, out-of-band, narrowband), wideband intermodulation, and spurious response are specified by lowering the interferer level by 10log10(NRB/LCRB), where LCRB is the transmission BW of D2D RMC.
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5. Appendix: Text Proposals to TR 36.877 (Sections 7.5, 7.6, 7.7, 7.8)

---- START OF TP ---

7.5
Adjacent Channel Selectivity (ACS)
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive an E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

Existing requirements on ACS shall be reused for D2D Rx on UL spectrum of E-UTRA FDD bands and specify with respect to the D2D RMC.

It is proposed that the modulated interferer shall be QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.

7.6
Blocking characteristics
The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.
Rationale for proposal

· UE implementation rationale:

· For receiving on FDD UL for D2D, the existing RF architecture will be reused w.r.t. UE implementation. The UE will reuse the existing filters (both RF band duplexers and baseband filters), LNA, etc. and hence the current selectivity to jammer shall apply for D2D Rx.

· System level rationale:

· In legacy WAN Rx case, when the blocker is another eNodeB, the selectivity requirements are consistent when compared to the corresponding Tx requirements for eNodeB. For example, UE ACS of 33dB is consistent with the eNodeB ACLR of 45dBs. Thus UE ACS is limiting for the legacy WAN case. For D2D Rx on FDD UL, when the blocker is another UE, having an ACS of higher than 33dB is not helpful considering the UE ACLR of 30dBc. Comparing the existing UE Rx selectivity requirements with UE Tx emissions requirements, it’s evident that high selectivity is not helpful w.r.t. system level performance. 

· For D2D Rx on FDD UL, the system performance will be limited by in-band emissions from D2D UEs. This is shown using the following simulation results where we simulated a victim network performing D2D discovery on FDD UL spectrum, and a coexisting WAN network. Worst-case assumptions were made: 

e) Layout Option 1 (indoor/outdoor drop; D2D carrier frequency 2GHz) for D2D discovery system simulations. 
f) Layout Option 5 (with indoor/outdoor drop; D2D carrier frequency 700MHz) for D2D communication system simulations. 

g) Full-buffer traffic for WAN UEs is assumed to simulate the worst-case persistence of jammers. 
h) Ideal WAN UE transmissions (i.e., no ACLR etc.) was assumed.
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Figure 7.6-1: D2D discovery performance (#UE discovered) w.r.t. receiver selectivity.
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Figure 7.6-2: D2D communications performance (successful VoIP D2D links) w.r.t. receiver selectivity.


Comparing with the current receiver selectivity levels (listed below), it can be concluded that the existing receiver selectivity requirements to jammer exceed the minimum required to ensure the desired system level performance.

Proposal:
For D2D Rx on UL spectrum of E-UTRA FDD bands, the existing receiver selectivity requirements (in terms of blocker-to-signal power ratio) shall be reused using D2D specific reference measurement channel. This is applicable to in-band blocking, out-of-band blocking, and narrowband blocking requirements. To maintain the same blocker-to-signal power ratio, it is proposed to lower the interferer by 10log10(NRB/LCRB), where LCRB is the transmission BW of D2D RMC.
It is proposed that the modulated interferer shall be QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.

7.6.1
In-band blocking
In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.
For D2D Rx on UL spectrum of E-UTRA FDD bands, in-band blocking requirements can be specified as follows. The following notation is used for the ease of exemplification below:

	Notation
	Value

	[P_5]
	-10log10(25/LCRB)

	[P_10]
	-10log10(50/LCRB)

	[P_15]
	-10log10(75/LCRB)

	[P_20]
	-10log10(100/LCRB)


The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes TBD with parameters specified in Tables 7.6.1.1C-1 and 7.6.1.1C-2.

Table 7.6.1.1C-1: In band blocking parameters for ProSe
	Rx parameter
	Units 
	

Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENSProSe + channel bandwidth specific value below

	
	
	
	
	6
	6
	7
	9

	BWInterferer 
	MHz
	
	
	5
	5
	5
	5

	FIoffset, case 1 
	MHz
	
	
	7.5+0.0125
	7.5+0.0025
	7.5+0.0075
	7.5+0.0125

	FIoffset, case 2 
	MHz
	
	
	12.5+0.0075
	12.5+0.0125
	12.5+0.0025
	12.5+0.0075

	PInterferer, offset
	dB
	
	
	[P_5]
	[P_10]
	[P_15]
	[P_20]

	NOTE 1: 
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


Table 7.6.1.1C-2: In-band blocking for ProSe
	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2

	
	PInterferer
	dBm
	-56+PInterferer, offset
	-44+PInterferer, offset

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2

	…
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 

NOTE 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz


For the UE which supports inter band CA configuration in Table 7.3.1-1A, PInterferer power defined in Table 7.6.1.1C-2 is increased by the amount given by ΔRIB in Table 7.3.1-1A.

7.6.2
Out-of-band blocking
Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in subclause 7.5.1 [TS 36.101] and subclause 7.6.1 [TS 36.101] shall be applied.
For D2D Rx on UL spectrum of E-UTRA FDD bands, out-of-band blocking requirements can be specified as follows.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes TBD with parameters specified in Tables 7.6.2.1C-1 and 7.6.2.1C-2.

For Table 7.6.2.1C-2 in frequency range 1, 2 and 3, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the transmission bandwidth configuration (see Figure 5.6-1). For these exceptions the requirements of subclause 7.7C Spurious response are applicable.

For Table 7.6.2.1C-2 in frequency range 4, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the transmission bandwidth configurations (see Figure 5.6-1) and 
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 is the number of resource blocks allocated in the uplink. For these exceptions the requirements of clause 7.7C spurious response are applicable.

Table 7.6.2.1-1: Out-of-band blocking parameters for ProSe
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENSProSe + channel bandwidth specific value below

	
	
	
	
	6
	6
	7
	9

	PInterferer, offset
	dB
	
	
	[P_5]
	[P_10]
	[P_15]
	[P_20]

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.


Table 7.6.2.1-2: Out of band blocking for ProSe
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44+PInterferer, offset
	-30+PInterferer, offset
	-15+PInterferer, offset

	…
	FInterferer (CW)
	MHz
	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.


7.6.3
Narrow band blocking
This requirement is measure of a receiver's ability to receive an E-UTRA signal at its assigned channel frequency in the presence of an unwanted narrow band CW interferer at a frequency, which is less than the nominal channel spacing.
For D2D Rx on UL spectrum of E-UTRA FDD bands, narrowband blocking requirements can be specified as follows.

The relative throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes TBD with parameters specified in Table 7.6.3.1C-1

Table 7.6.3.1-1: Narrow-band blocking for ProSe
	Parameter
	Unit
	Channel Bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Pw
	dBm
	PREFSENS_ProSe + channel-bandwidth specific value below

	
	
	
	
	16
	13
	14
	16

	Puw (CW)
	dBm
	
	
	-55+ PInterferer, offset
	-55+ PInterferer, offset
	-55+ PInterferer, offset
	-55+ PInterferer, offset

	PInterferer, offset
	dB
	
	
	[P_5]
	[P_10]
	[P_15]
	[P_20]

	Fuw (offset for

f = 15 kHz)
	MHz
	
	
	2.7075
	5.2125
	7.7025
	10.2075

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	
	

	NOTE 1:
The transmitter shall be set a 4 dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

	


For the UE which supports inter-band CA configuration in Table 7.3.1-1A, PUW power defined in Table 7.6.3.1-1 is increased by the amount given by ΔRIB in Table 7.3.1-1A.

7.7
Spurious response
Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained i.e. for which the out of band blocking limit as specified in subclause 7.6.2 is not met.
For D2D Rx on UL spectrum of E-UTRA FDD bands, spurious response requirements can be specified as follows.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes TBD with parameters specified in Tables 7.7.1C-1 and 7.7.1C-2.

Table 7.7.1C-1: Spurious response parameters for ProSe
	Rx parameter
	Units 
	

Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENSProSe + channel bandwidth specific value below

	
	
	
	
	6
	6
	7
	9

	PInterferer, offset
	dB
	
	
	[P_5]
	[P_10]
	[P_15]
	[P_20]

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2.


Table 7.7.1C-2: Spurious response for ProSe
	Parameter
	Unit
	Level

	PInterferer

(CW)
	dBm
	-44+PInterferer, offset

	FInterferer
	MHz
	Spurious response frequencies


For the UE which supports inter-band CA configuration in Table 7.3.1-1A, Pinterferer power defined in Table 7.7.1C-2 is increased by the amount given by ΔRIB in Table 7.3.1-1A.

7.8
Intermodulation characteristics
Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

7.8.1
Wide band intermodulation
The wide band intermodulation requirement is defined following the same principles using modulated E-UTRA carrier and CW signal as interferer.

For D2D Rx on UL spectrum of E-UTRA FDD bands, wideband intermodulation requirements can be specified as follows.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes TBD with parameters specified in Table 7.8.1C.1 for the specified wanted signal mean power in the presence of two interfering signals.
Table 7.8.1.1C-1: Wide band intermodulation for ProSe
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENSProSe + channel bandwidth specific value below

	
	
	
	
	6
	6
	7
	9

	PInterferer 1
(CW)
	dBm
	-46+PInterferer, offset

	PInterferer 2
(Modulated)
	dBm
	-46+PInterferer, offset

	PInterferer, offset
	
	
	
	[P_5]
	[P_10]
	[P_15]
	[P_20]

	BWInterferer 2
	
	
	
	5

	FInterferer 1
(Offset)
	MHz
	
	
	-BW/2 – 7.5

/

+BW/2 + 7.5

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.
NOTE 3:
The modulated interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


---- END OF TP ----
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