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1. Introduction
In this paper, we propose the slot patterns for NR PDSCH demodulation performance tests.
2. Slot pattern for FR1
2.1. Slot Pattern

We can use DSDU slot pattern for TDD FR1 demodulation performance tests as shown in Figure 1 below. 
Figure 1: Multi-slot DSDU Frame Structure Pattern

[image: image13.png]ReTx

an

n
degy
kald

HOOdAd

€1d

HOOAd

21a

HOOAd

11a

HOOAd

an

T
degy

81a
HO2Ad

£1a

HOOAd

ACK

DL Tx

91a

HOOAd

Eale]

HOOAd

an

T
degy

UL ReTx

UL Tx

SR




2.2. Comparison with other slot patterns
Here, we provide the comparison of DSDU with other proposed slot patterns in [1] on different aspects assuming 30KHz SCS.

1. Overhead: Within a 20-slot duration, different slot patterns has following (in symbols) assuming 2 symbol PDCCH on first two symbols of each D/S slot and last two symbols in S/U slots allocated for PUCCH and SRS:

	
	PDCCH
	PDSCH
	Guard
	PUCCH
	PUSCH
	SRS
	Guard Overhead
	Control Overhead
	DL Data
	UL Data

	DSDU {0,32,4,1}
	30
	150
	20
	10
	60
	10
	7.1%
	10.7%
	53.6%
	21.4%

	DDDSU {0,0,0,32,1}
	32
	176
	8
	8
	48
	8
	2.9%
	11.4%
	62.9%
	17.1%

	DDDUU {0,0,0,12,1}
	24
	144
	12
	8
	84
	8
	4.3%
	8.6%
	51.4%
	30%


From above table, DDDUU pattern is very uplink heavy and has the least DL data. As we are defining above patterns for downlink performance tests, DDDUU is not a good pattern. So, we will only compare DSDU with DDDSU for the rest of the comparison.

2. PUSCH: DSDU has 1 dB higher PUSCH link budget than DDDSU due to 25% larger number of PUSCH symbols.

3. PUCCH: Both, DSDU and DDDSU have a 14 symbol UL slot which can be used for long PUCCH transmission. So, they have the same PUCCH link budget. However, PUCCH has to support more consecutive DL slots with DDDSU compared to DSDU, so DDDSU PUCCH capacity can be an issue.

4. PDSCH: DSDU has 0.7 dB lower PDSCH symbols than DDDSU. On the other hand, DSDU achieves higher Spectral Efficiency over the PDSCH symbols due to better channel estimation and faster feedback. So, effectively, DSDU and DDDSU will have similar PDSCH capacity.
5. PRACH: Both DSDU and DDDSU have a 14 symbol UL slot which can be configured for PRACH transmission. However, DSDU has UL opportunity every 1 ms, which allows for more frequent RACH opportunities
6. HARQ Timeline: 
We assume the following UE capability for different HARQ parameters for further comparison:

7. Table 1: UE capability for HARQ parameters

	
	DSDU 
	DDDSU

	K0: DL Grant to DL Tx
	0
	0

	K1: DL Tx to DL ACK
	1
	1

	K2: UL Grant to UL Tx
	1
	1

	K3: DL NACK to DL re-tx grant
	3
	5

	K4: UL Tx to UL re-tx grant
	3
	3

	K5: SR to UL grant
	2
	2

	DL HARQ Processes
	4
	8

	SR Periodicity
	1 ms
	2.5 ms


Actual configured HARQ parameters will vary for different slots in each slot pattern and may be a higher value than above.

Based on UE capability in Table 1, HARQ timeline for DSDU and DDDSU will be as follows:
DSDU:
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DDDSU:
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7. Latency: Based on the HARQ timelines above, the round trip time (RTT) will be as following:

	
	DSDU
	DDDSU

	DL HARQ RTT
	2 - 3 ms
	5 ms

	UL HARQ RTT
	2 ms
	2.5 ms

	UL Scheduling Delay

(Packet Arrival ( SR ( 1st Tx)
	2 – 3 ms*
	2.5 – 5 ms

	* Assumes short UL in “S” slot is used for PUSCH.


Based on above table, DSDU pattern provides better latency compared to DDDSU and has following benefits:

· DL HARQ RTT time with DSDU is 2 to 3 ms lower than DDDSU
· Short PUSCH at the “S” slot of DSDU pattern:
· Allows faster scheduling of short UL packets
· Allows faster SR for UL scheduling
· DSDU pattern allows fewer DL HARQ processes to be supported due to more frequent ACK opportunities
· Low DL HARQ RTT results into higher UE perceived throughput.
8. Low Latency Service Multiplexing Capability: Frequent UL/DL switching allows new low latency services to be multiplexed with eMBB deployments.
· With DSDU, UE waits a max of 1 ms for next SR opportunity 
· DSDU pattern also allows more frequent opportunities for UL transmissions to be scheduled
· SR to UL transmission delay is 1 ms (as opposed to ~2.5 ms with DDDSU)
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9. Channel Estimation and Link Adaptation: DSDU allows more frequent SRS opportunity.
· DSDU has an SRS symbol every 1 ms, whereas DDDSU has SRS every 2.5 ms.

· More frequent SRS resources lead to better and more up-to-date channel estimation for DSDU enabling more accurate DL precoding. Also, CQI feedback can be set every 1ms with DSDU, which will lead to more accurate MCS determination.
10. Compatibility with SSB:
· Assuming 20ms SSB periodicity:
· Since both DSDU (2 ms) and DDDSU (2.5 ms) patterns are factors of 20 ms, SSB instances fall onto same slot formats
· DDDSU pattern has DL symbols coinciding with all SS block symbols 
· 8 SS blocks supported (assuming the 1st SS pattern)
· DSDU pattern:
· 6 SS blocks supported (assuming the 1st SS pattern)
· 5 ms SSB periodicity may be needed for asynchronous deployments

· Slot format patterns that are factors of 5 ms may be more suitable
Proposal 1: Use the following DSDU pattern for TDD FR1 NR PDSCH demodulation performance tests.

[image: image5]
2.3. Number of Guard Symbols

In LTE, most commonly used UL/DL configurations was Config#2 which had 3 symbol long guard period and most of the other commonly used configurations had at least 2 symbol long guard periods. One of the reasons to have at least 2 symbol guard period in LTE (~143us) was to avoid the risk of DL-UL jamming, i.e., a DL transmission from a distant base station interfering with UL transmission of the UE. So, we may have to increase the number of guard symbols to avoid the risk of DL-UL jamming.
Proposal 2: Consider DL-UL jamming when defining number of guard symbols in a slot pattern.

2.4. Semi-static UL/DL Configuration

DSDU can be configured as follows for 30KHz SCS:

	SIB1 Parameter
	UL-DL Config Parameters
	Value

	tdd-UL-DL-Configuration (DS)
	referenceSubcarrierSpacing
	30KHz

	
	dl-UL-TransmissionPeriodicity
	ms1

	
	nrofDownlinkSlots
	1

	
	nrofDownlinkSymbols
	10

	
	nrofUplinkSlots
	0

	
	nrofUplinkSymbols
	2

	tdd-UL-DL-configurationCommon2 (DU)
	referenceSubcarrierSpacing
	30KHz

	
	dl-UL-TransmissionPeriodicity
	ms1

	
	nrofDownlinkSlots
	0

	
	nrofDownlinkSymbols
	12

	
	nrofUplinkSlots
	1

	
	nrofUplinkSymbols
	0


3. Slot pattern for FR2

3.1. Slot Pattern

In FR2, UE needs to receive as much SS blocks as possible and UE should have as many RACH occasions as possible so that it could monitor the stronger beams and handle mobility scenarios properly. At the same time, we should have low latency. We propose to use DDDU slot pattern for FR2 NR demodulation performance tests. The main motivation for this slot pattern is:
· For 120KHz SCS, DDDU will support 60 SS Blocks in 5ms SS burst.

· DDDU will have enough UL to support 60 RACH occasions with format A1 and PRACH configuration 8 or 90 RACH occasions with format A1 and PRACH configuration 10 in 20ms which don’t overlap with SS blocks, assuming 20ms SSB periodicity.

Proposal 3: Use the following DDDU pattern for FR2 NR PDSCH demodulation performance tests.
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3.2. Semi-static UL/DL Configuration

DDDU can be configured as follows for 120KHz SCS:

	SIB1 Parameter
	UL-DL Config Parameters
	Value

	tdd-UL-DL-Configuration
	referenceSubcarrierSpacing
	120KHz

	
	dl-UL-TransmissionPeriodicity
	ms0p5

	
	nrofDownlinkSlots
	2

	
	nrofDownlinkSymbols
	12

	
	nrofUplinkSlots
	1

	
	nrofUplinkSymbols
	0


4. Conclusions
This paper proposes slot patterns for NR PDSCH demodulation performance tests. Following has been proposed:
Proposal 1: Use the following DSDU pattern for TDD FR1 NR PDSCH demodulation performance tests.
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Proposal 2: Consider DL-UL jamming when defining number of guard symbols in a slot pattern.
Proposal 3: Use the following DDDU pattern for FR2 NR PDSCH demodulation performance tests.
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