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Discussion
1 Introduction
In this contribution, we provide our analysis on the following issues
· Whether X=1 is considered for short UL/DL switching periodicity
· TRS parameters for above 6GHz
· TRS RRC configuration
· Measurement restriction on TRS
2 Whether X=1 is considered for short UL/DL switching periodicity
This issue is related to DL to UL switching point periodicity. The current agreement from scheduling AI is listed in Table 1 and the UL/DL structure is described in Fig. 1. 
	Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.


Table 1, agreement from scheduling AI related to UL/DL switching periodicity
From Table 2 in below, we see that when a UL/DL switching period consists of 2 or 4 slots, there is potential risk that the currently agreed TRS time domain pattern may not be applied. Fig. 2 shows that the TRS can be allocated at symbol 4 and 8 if the DL symbol is up to symbol 8 based on current agreement. So if the DL part can include 1 slot and 9 symbols in second slot, the agreed TRS pattern can apply. On the other hand, if the second slot in 2-slot or 4-slot periodicity contains fewer DL symbols than 9, the TRS puncture will happen unless such scenario can be precluded.
Besides TRS puncture, another solution is to develop a new TRS time domain pattern dedicated to such particular condition. The main reasons are,
· Both the TRS puncture and new TRS pattern will impact the UE receiver algorithm design, because the pattern has been different
· It has been agreed to have 4 TRS symbols in a TRS burst with 2 consecutive slots. It is still preferred to keep 4 TRS symbols if a new TRS time domain pattern is needed
Fig. 3 shows the considered TRS positon at symbol 4, 8, 9 and 13 in a slot for short UL/DL switching periodicity. The PDSCH region is assumed to be able to up to the symbol 13.

The DMRS allocated at symbol 2, 5, 8, 11 are for high speed scenario under 3.5GHz. If short UL/DL switching periodicity is also the use case for HST, the TRS position can be at symbol 3, 7, 9 and 13.

The possible UE implementation for different TRS time domain patterns is analysed in Table 3, including the pattern being punctured and being a new one as shown in Fig. 4 and 5. Basically, for Fig. 4a and 5, the implementation for frequency offset, time delay and delay spread estimation can be the same. The Doppler spread estimation is different due to different spacing between TRS symbols and the corresponding performance is impacted as well.
Observation 1: If a UL/DL switching periodicity consists of 2 or 4 slots, there is potential risk that the currently agreed TRS time domain pattern may not be applied
Observation 2: It is up to RAN4 for defining test case for short UL/DL switching periodicity. From RAN1 perspective, consider the TRS pattern without puncture to deal with short UL/DL switching periodicity, unless this case can be precluded
Proposal 1: Develop a new TRS time domain pattern dedicated to short UL/DL switching periodicity unless such scenario can be precluded. The considered TRS position is at symbol 4, 8, 9 and 13 in a slot
Proposal 2: The DMRS allocated at symbol 2, 5, 8, 11 are for high speed scenario under 3.5GHz. If short UL/DL switching periodicity is also the use case for HST, the TRS position can be at symbol 3, 7, 9 and 13
	
	SCS=15KHz
	SCS=30KHz
	SCS=60KHz
	SCS=120KHz

	0.5ms periodicity
	
	
	2 slots
	4 slots

	1.0ms periodicity
	
	2 slots
	4 slots
	8 slots

	2.0ms periodicity
	2 slots
	4 slots
	8 slots
	16 slots


Table 2, the number of slots for different SCS and periodicity
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Fig. 1, the DL/UL structure in a period
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Fig. 2, TRS position for short PDSCH region in a slot
[image: image3.jpg]10

11

12

13





Fig. 3, TRS position at symbol 4, 8, 9 and 13 in a slot
	Fig. 4a
	1, For freq offset estimation, extract phase by using #1 and #2, and then #3 and #4 with spacing=4 (using #2 and #3 with spacing=10 is feasible if there is confidence on the range) 
2, For time delay and delay spread estimation, do the coherent combining on using #1 and #2, and then using #3 and #4, and then do the non-coherent combining on the output after coherent combining

3, For Doppler spread estimation, use #1, #2, #3 and #4 with sufficient time span

	Fig. 4b
	1, For freq offset estimation, extract phase by using #1 and #2 with spacing=4(using #2 and #3 with spacing=10 is feasible if there is confidence on the range) 

2, For time delay and delay spread estimation, , do coherent combining on using #1, #2 and #3. Or do coherent combining on using #1 and #2 , and then do non-coherent combining on the output after coherent combining and #3
3, For Doppler spread estimation, use #1, #2, #3 with reduced time span and tap number

	Fig. 4c
	1, For freq offset estimation, extract phase by using #1 and #2 with spacing=4
2, For time delay and delay spread estimation, do the coherent combining on using #1 and #2
3, For Doppler spread estimation, using #1 and #2 may not be stable

	Fig. 5
	1, For freq offset estimation, extract phase by using #1 and #2, and then #3 and #4 with spacing=4 (using #1 and #4 with spacing=9 is feasible if there is confidence on the range) 
2, For time delay and delay spread estimation, do the coherent combining on using #1 and #2, and then using #3 and #4, and then do the non-coherent combining on the output after coherent combining 
3, For Doppler spread estimation, use #1, #2, #3 and #4 with reduced time span


Table 3, possible UE implementation for different TRS time domain patterns
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Fig. 4a, the agreed N=2+2 pattern         Fig. 4b, puncture 4th TRS symbol    Fig. 4c, puncture 3th and 4th TRS
                                                                        symbols
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Fig. 5, the considered N=4 pattern only for short UL/DL switching periodicity
3 TRS for above-6GHz

In previous meeting, it is agreed to support TRS in above-6GHz. The QCL relationship and TRS time domain parameters X, Y, N, St should be discussed further.
3.1 QCL relationship

In QCL AI, it is agreed to introduce type B in sub-6GHz as shown in Table 4. TRS is used to provide frequency related parameters (Doppler shift, Doppler spread). The time related parameters (average delay, delay spread) are estimated through (beamformed) CSI-RS. The main reason is, the TX beam width will change the time delay and delay spread from UE observation. So when the beam applied to TRS and CSI-RS is largely different, the time related parameters are considered to be estimated from CSI-RS.
There is working assumption on QCL for above-6GHz also shown in Table 4. It is seen that
    CSI-RS for CSI ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread.
The QCL indication from CSI-RS to DMRS is also seen in LTE for type B QCL:
Type B: The UE may assume the antenna ports 15 – 30 corresponding to the CSI-RS resource configuration identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the antenna ports 7 – 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
However, in RAN4 test case as shown in Appendix. 1, the frequency offset between two TPs is assumed 0. This is because RAN4 doesn't consider CSI-RS as a reliable RS for estimating the frequency offset between two TPs, due to the long duration (>=5ms) between CSI-RS transmission.
Therefore for above-6GHz, the estimation of frequency related parameters including Doppler shift and Doppler spread should be determined by TRS.
Observation 3: In LTE, type B QCL in 36.213 is to indicate that CSI-RS is QCLed with PDSCH DMRS w.r.t Doppler shift, Doppler spread, average delay and delay spread. However, in 36.101, the corresponding test case configures frequency offset between two TPs as 0Hz. It is due to long duration between CSI-RS transmission and therefore the resolvable range is very limited 
Proposal 3: For above-6GHz, TRS is at least to support the estimation of frequency related parameters including Doppler shift and Doppler spread
Proposal 4: For above-6GHz, the QCL can be

            SSB ( TRS w.r.t average delay, Doppler shift, spatial RX parameters
            TRS ( CSI-RS for acquisition w.r.t Doppler shift, Doppler spread

            TRS ( CSI-RS for BM w.r.t Doppler shift, Doppler spread

            TRS ( DMRS for PDSCH w.r.t Doppler shift, Doppler spread
	Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y

· FFS on one or multiple resources

· Note: TRS is also supported in above-6GHz

· FFS on the parameters X, N, St

· FFS: TRS periodicity

Agreement:
QCL after RRC for below 6GHz

SSB ( TRS: Doppler shift, average delay

Support type B
Agreement:
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP

· FFS: Type B: 

· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread

· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread 

Working Assumption
After RRC for above 6 GHz

· SSB ( [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters

· SSB ( CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters

· SSB ( CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters

· SSB ( DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· SSB ( DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· CSI-RS for BM ( DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· CSI-RS for BM ( DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters

· CSI-RS for CSI ( DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]

· CSI-RS for BM ( CSI-RS for CSI w.r.t. spatial RX parameters


Table 4, QCL agreement
3.2 Analysis of symbol spacing St

We still apply the frequency drift rate 0.16ppm/sec as mentioned in [1]. If we consider the DRX cycle equal to 2560 slots, then the period of time is 320ms for SCS=120KHz. The frequency offset at 40GHz during 320ms is 0.16ppm/sec * (2560*0.125e-3)*40e9 = 2048Hz. The 14-symbol spacing between two TRS symbols is sufficient to cover this range.

If the frequency offset estimation is performed using delay correlation approach, the symbol spacing between two TRS symbols will influence the accuracy and the resolvable range. Larger symbol spacing can improve the accuracy significantly, because the larger phase difference between two TRS symbols means the increasing SNR before entering the loop filter.
So when the phase noise becomes more significant, the larger TRS symbol spacing is preferred.
	
	SCS=15KHz
	SCS=30KHz
	SCS=60KHz
	SCS=120KHz

	St=2
	+-3.5KHz
	+-7KHz
	+-14KHz
	+-28KHz

	St=3
	+-2.3KHz
	+-4.6KHz
	+-9.2KHz
	+-18.4KHz

	St=4
	+-1.75KHz
	+-3.5KHz
	+-7KHz
	+-14KHz

	St=5
	+-1.4KHz
	+-2.8KHz
	+-5.6KHz
	+-11.2KHz

	St=7
	+-1KHz
	+-2KHz
	+-4KHz
	+-8KHz

	St=14
	+-500Hz
	+-1KHz
	+-2KHz
	+-4KHz


Table 5, Resolvable range for different symbol spacing 
Observation 4: For above-6GHz, if we consider the DRX cycle equal to 2560 slots for SCS=120KHz. The frequency offset at 40GHz is 0.16ppm/sec * (2560*0.125e-3)*40e9 = 2048Hz. The 14-symbol spacing between two TRS symbols is sufficient to cover this range
Observation 5: For above-6 GHz when the phase noise effect is more significant, the larger TRS symbol spacing is preferred for frequency offset estimation. It is because the larger phase difference between two TRS symbols means the increasing SNR before entering the loop filter
3.3 Whether Doppler spread estimation is needed
Table 6 shows the corresponding Doppler shift in terms of speed and carrier frequency. Whether the Doppler spread estimation is needed may depend on the applicable scenario for above-6GHz band. If the Doppler spread range is wider, the UE may need to estimate Doppler spectrum in order to optimize the channel interpolation. If the application is limited to very low speed, the Doppler spread estimation may not be needed.

The MMSE based interpolation filter is tested in Fig. 6, where we would like to analyse the supported Doppler range for the narrowest filter. Fig. 7 shows filter response to interpolate for symbol 5, 10 and 12 when DMRS is at symbol 2 and 11. The suppression capability in Fig. 7 denotes the error after interpolation. Basically the suppression can be up to 20dB around Doppler =320Hz for extrapolating for symbol 12 as shown in Fig. 7c. It means, if the application on above-6GHz is limited to below 10km/hr, Doppler spread estimation may not be needed.
The agreed TRS pattern as shown in Fig. 4a can be re-used for above-6GHz, if Doppler spread estimation is needed. If Doppler spread estimation is not needed, consider N= 1+1 with 14-symbol spacing between TRS symbols.
Another issue to impact the estimation of using TRS is the phase noise. It is still unknown on the performance degradation unless the detailed evaluation is conducted.
Observation 6: If the application on above-6GHz is limited to below 10km/hr, Doppler spread estimation may not be needed
Observation 7: Another issue to impact the estimation of using TRS is the phase noise for above-6GHz. It is still unknown on the performance degradation unless the detailed evaluation is conducted
Proposal 5: When without considering the impact of phase noise, if Doppler spread estimation is needed, the agreed N=2+2 pattern can be re-used for above-6GHz. If Doppler spread estimation is not needed, consider N= 1+1 with 14-symbol spacing between TRS symbols
	
	30GHz
	40GHz

	3km/hr
	83Hz
	111Hz

	10km/hr
	278Hz
	370Hz

	30km/hr
	833Hz
	1.11KHz

	60km/hr
	1.67KHz
	2.22KHz

	100km/hr
	2.78KHz
	3.7KHz


Table 6, Max Doppler shift in terms of speed and carrier frequency
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Fig. 6, MMSE based interpolation filter under SCS=120KHz to test the supported Doppler range with the narrowest filter width
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  Fig. 7a, filter response for interpolating symbol 5          Fig. 7b, filter response for interpolating symbol 10

[image: image11]
Fig. 7c, filter response for interpolating symbol 12
3.4 Analysis of TRS periodicity Y
Let’s compare SCS=15KHz at 5GHz with SCS=120KHz at 40GHz . The larger SCS is more resistant to the frequency offset. The frequency offset due to crystal stability is larger at higher frequency. So basically, the TRS periodicity applied to below-6GHz can also be applied to above-6GHz. Fig. 8 shows the simulation result. It gives very similar result to our previous simulation for SCS=15KHz at 5GHz. As such, the TRS periodicity for above-6GHz can be the same as that for below-6GHz.
Proposal 6: TRS periodicity for above-6GHz can be the same as that for below-6GHz
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Fig. 8, link adaption performance for different TRS periodicity under SCS=120KHz, carrier=40GHz. Note: the phase noise is not enabled in the simulation
4 TRS RRC configuration  
In previous meeting, it is agreed that TRS resource can be configured through (NZP) CSI-RS resources. The CSI-RS resource configuration is quite flexible in NR specification.

The CSI resource set as addressed in draft 38.214 can be used for TRS resource configuration. In section 5.2.2.3.1, a CSI resource set can be configured for a periodic signal, and it consists of K >= 1 CSI-RS resources. For each CSI-RS resource configuration, it consist of the following parameters
· NZP-CSI-RS-ResourceConfigID: CSI-RS resource configuration identity
· NrofPorts: number of ports
· CSI-RS-timeConfig: CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS 
· CSI-RS-ResourceMapping: OFDM symbol and subcarrier occupancy within a slot
· CSI-RS-Density

· CDMType

· CSI-RS-FreqBand: bandwidth and frequency domain starting position
· Pc

· ScramblingID

· CSI-RS-ResourceRep: when ON, apply same spatial domain transmission filter on all resources in the set
So, one TRS resource consists of 4 CSI-RS resources in a CSI resource set. The RRC configuration can be as follows.
	
	CSI-RS 
resource 0
	CSI-RS 
resource 1
	CSI-RS 
resource 2
	CSI-RS 
resource 3

	NZP-CSI-RS-ResourceConfigID
	0
	1
	2
	3

	NrofPorts
	1 

	CSI-RS-timeConfig: period
	Y ms



	CSI-RS-timeConfig: slot offset
	y slots
	y slots
	y+1 slots
	y+1 slots

	CSI-RS-ResourceMapping: symbol
	Symbol S
	Symbol S+4
	Symbol S
	Symbol S+4

	CSI-RS-ResourceMapping: frequency shift
	s ( 0~3)

	CSI-RS-Density
	3 (comb-4)

	CDMType
	No CDM

	CSI-RS-FreqBand:

BW
	B RBs



	CSI-RS-FreqBand:

RB offset
	b RBs

	Pc
	Same value

	ScramblingID
	Same value

	CSI-RS-ResourceRep
	ON


Table 7, TRS resource configuration through CSI resource set configuration
It is observed that some parameters are common to all the NZP CSI-RS resources in a CSI resource set. Obviously CSI-RS-ResourceRep is the parameter for a resource set, not for a resource.
Observation 8: When a TRS resource leverages the RRC configuration through CSI resource set, there are numerous common terms. The differences among several resources are slot offset and symbol index 

Observation 9: The RRC parameter CSI-RS-ResourceRep should be the parameter for a resource set, not for a resource
Proposal 7: For TRS resource configuration by using CSI resource set configuration, consider the structure that the common terms can be configured in only one of the NZP CSI-RS resources to reduce the signalling overhead

5 Measurement restriction to TRS
When the measurement restriction is applied to TRS, it is equivalent to apply one shot estimation from UE point of view. 

Basically the synchronization parameters are derived through iteration. This is what the tracking (loop) means. When the estimated value is perturbed by noise, it requires average ( by filtering) to suppress noise to improve the accuracy. It is a closed loop behaviour from UE perspective. 
The measurement restriction turns the closed loop behaviour into the open one. As such, the synchronization maybe challenging to reach convergence. 

Proposal 8: Measurement restriction on TRS is not supported

6 Conclusion
Based on the above, we have

Observation 1: If a UL/DL switching periodicity consists of 2 or 4 slots, there is potential risk that the currently agreed TRS time domain pattern may not be applied

Observation 2: It is up to RAN4 for defining test case for short UL/DL switching periodicity. From RAN1 perspective, consider the TRS pattern without puncture to deal with short UL/DL switching periodicity, unless this case can be precluded

Observation 3: In LTE, type B QCL in 36.213 is to indicate that CSI-RS is QCLed with PDSCH DMRS w.r.t Doppler shift, Doppler spread, average delay and delay spread. However, in 36.101, the corresponding test case configures frequency offset between two TPs as 0Hz. It is due to long duration between CSI-RS transmission and therefore the resolvable range is very limited 

Observation 4: For above-6GHz, if we consider the DRX cycle equal to 2560 slots for SCS=120KHz. The frequency offset at 40GHz is 0.16ppm/sec * (2560*0.125e-3)*40e9 = 2048Hz. The 14-symbol spacing between two TRS symbols is sufficient to cover this range

Observation 5: For above-6 GHz when the phase noise effect is more significant, the larger TRS symbol spacing is preferred for frequency offset estimation. It is because the larger phase difference between two TRS symbols means the increasing SNR before entering the loop filter

Observation 6: If the application on above-6GHz is limited to below 10km/hr, Doppler spread estimation may not be needed

Observation 7: Another issue to impact the estimation of using TRS is the phase noise for above-6GHz. It is still unknown on the performance degradation unless the detailed evaluation is conducted

Observation 8: When a TRS resource leverages the RRC configuration through CSI resource set, there are numerous common terms. The differences among several resources are slot offset and symbol index 

Observation 9: The RRC parameter CSI-RS-ResourceRep should be the parameter for a resource set, not for a resource

Proposal 1: Develop a new TRS time domain pattern dedicated to short UL/DL switching periodicity unless such scenario can be precluded. The considered TRS position is at symbol 4, 8, 9 and 13 in a slot

Proposal 2: The DMRS allocated at symbol 2, 5, 8, 11 are for high speed scenario under 3.5GHz. If short UL/DL switching periodicity is also the use case for HST, the TRS position can be at symbol 3, 7, 9 and 13

Proposal 3: For above-6GHz, TRS is at least to support the estimation of frequency related parameters including Doppler shift and Doppler spread

Proposal 4: For above-6GHz, the QCL can be

            SSB ( TRS w.r.t average delay, Doppler shift, spatial RX parameters
            TRS ( CSI-RS for acquisition w.r.t Doppler shift, Doppler spread

            TRS ( CSI-RS for BM w.r.t Doppler shift, Doppler spread

            TRS ( DMRS for PDSCH w.r.t Doppler shift, Doppler spread
Proposal 5: When without considering the impact of phase noise, if Doppler spread estimation is needed, the agreed N=2+2 pattern can be re-used for above-6GHz. If Doppler spread estimation is not needed, consider N= 1+1 with 14-symbol spacing between TRS symbols

Proposal 6: TRS periodicity for above-6GHz can be the same as that for below-6GHz

Proposal 7: For TRS resource configuration by using CSI resource set configuration, consider the structure that the common terms can be configured in only one of the NZP CSI-RS resources to reduce the signalling overhead

Proposal 8: Measurement restriction on TRS is not supported
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8 Appendix

Table 8.3.1.3.2-1: Test Parameters for timing offset compensation with DPS transmission

	parameter
	Unit
	TP 1
	TP 2

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0

	
	(
	dB
	-3
	-3

	Beamforming model
	
	As specified in clause B.4.1
	As specified in clause B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1
	(Note 2)

	CSI reference signals 0
	
	Antenna ports {15,16}
	N/A

	CSI-RS 0 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	5 / 2
	N/A

	CSI reference signal 0 configuration
	
	0
	N/A

	CSI reference signals 1
	
	N/A
	Antenna ports {15,16}

	CSI-RS 1 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	Subframes
	N/A
	5 / 2

	CSI reference signal 1 configuration
	
	N/A
	8

	Zero-power CSI-RS 0 configuration

ICSI-RS /
ZeroPower CSI-RS bitmap
	Subframes/bitmap
	2/

0010000000000000
	N/A

	Zero-power CSI-RS1 configuration

ICSI-RS /
ZeroPower CSI-RS bitmapS
	Subframes/bitmap
	N/A
	2/

0000010000000000
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	dB
	Reference Value in Table 8.3.1.3.2-3
	Reference Value in Table 8.3.1.3.2-3
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at antenna port
	dBm/15kHz
	-98
	-98

	BWChannel
	MHz
	10
	10

	Cyclic Prefix
	
	Normal
	Normal

	Cell Id
	
	0
	0

	Number of control OFDM symbols
	
	2
	2

	Timing offset between TPs
	
	N/A
	Reference Value in Table 8.3.1.3.2-3

	Frequency offset between TPs
	Hz
	N/A
	0

	Number of allocated resource blocks
	PRB
	50
	50

	PDSCH transmission mode
	
	10
	10

	Probability of occurrence of PDSCH transmission(Note 3)
	%
	30
	70

	Symbols for unused PRBs
	
	OCNG (Note 4)
	OCNG (Note 4)

	Note 1:
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Note 2:
REs for antenna ports 0 and 1 have zero transmission power.
Note 3:
PDSCH transmission from TPs shall be randomly determined independently for each subframe. Probabilities of occurrence of PDSCH transmission from TPs are specified.
Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
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