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1 Introduction
The mismatch between measured SINR and the actual SINR would cause either outage (when the SINR is overestimated) or insufficient spectral efficiency (when the SINR is underestimated). The mismatch can be more significant in dynamic TDD when cross-link interference presents.
In this contribution, we analyze the measurement gap of various interference measurement schemes which could shed light on the requirements on interference measurement in NR dynamic TDD. 
2 Measurement gap analysis
We compare the gap between the measured SINR and the actual SINR for the following three schemes: 
Scheme 1: Time-aligned DL and UL interference measurement in the scheduled resource
In this scheme, interference measurement and measurement reporting are in between resource scheduling and the corresponding data transmission, i.e., interference measurement is conducted in the bandwidth as assigned for the corresponding data and follows the same transmission direction (DL or UL) as the corresponding data. Figure 1 illustrates the subframe structure use in the simulation. In each slot, the DL interference measurement RS (IM-RS) and the UL IM-RS are transmitted after DL physical control channel (DLCC) which signals the resource allocation information. The measurement reporting is transmitted after DL/UL IM-RS in the DLCC/ULCC. The data transmission in the slot is based on the CQI from the measurement reporting. Detailed subframe design and its variations can be found in our previous contributions [2]

 REF _Ref471332653 \n \h 
[3]. Please note that the measurement and the corresponding data transmission do not necessary to be in the same subframe. Cross-slot scheduling and measurement can be performed, which would require less number of gaps in a subframe and therefore less overhead. 
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Figure 1 Subframe structure for scheme 1
Scheme 2: DL-only and UL-only interference measurement
In this scheme, each slot has one symbol on DL IM-RS and one symbol on UL SRS. The DL IM-RS is transmitted after DLCC at the front of a slot and the UL SRS is transmitted before ULCC at the end of a slot. The DL IM-RS and the UL SRS are periodically transmitted regardless of the resource scheduling of a particular data transmission. Note that the subframe structure is not sufficient for cross-link IM. In order for a gNB to measure interference from other gNBs, a gap period need to be inserted in between DL control and DL IM-RS. Similar, in order for UE to measure interference from other UEs in UL, a gap period need to be inserted between UL data and SRS.  
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Figure 2 Subframe structure for scheme 2
Scheme 3: Time-aligned DL and UL interference measurement with delayed measurement and feedback
In this scheme, the subframe structure is similar to scheme 1, i.e., DL and UL IM-RS transmission are time aligned. The difference is on the timing relationship between scheduling and measurement and the resource used for IM-RS of each link. Instead of conducting measurement after resource allocation, the measurement in scheme 3 is now conducted before resource allocation, and is irrespective of resource allocation of the corresponding data channel. 
The measurement gap is calculated as 
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where 
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 is the SINR experienced during data transmission and 
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 is the measured SINR used to get the MCS. The simulation was conducted in indoor hotspot scenario. Detailed simulation assumptions are showed in Table 1. 
Figure 3 shows the cumulative distribution of the measurement gap of schemes 1 and 2 under different FTP packet sizes 0.1MB and different traffic loads. The cases with (packet size, 
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) = (0.1MB, 0.75) represents low traffic load scenarios. The cases with (packet size, 
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) = (0.1MB, 2) represents mid to high load scenarios. It can observed that for all the simulated traffic scenarios, scheme 1 provide very accurate SINR measurement, while scheme 2 showed a 10%-30% SINR mismatch. The SINR mismatch could translate into either outage (when 
[image: image8.wmf]0

SINR

D<

) or lower spectral efficiency (when 
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). The corresponding loss in throughput of scheme as compared to scheme 1 is expected to be much higher than 10%-30% especially when considering SINR back off to ensure low outage probability in the system as presented in our companion contributions [8].  Figure 4 shows the cumulative distribution of the measurement gap of schemes 1 and 3 under different FTP packet sizes 0.1MB and different traffic loads. 30%-40% SINR mismatch is observed in scheme 3. 
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Figure 3 Delta SINR distribution comparison between scheme 1 and scheme 2 at packet size 0.1MB
[image: image12.png]F(

(Packet size, A) = (0.1MB,0.75)

09

08

07

06

04

03

02

01

—— scheme 1
———scheme 3

-10

0 10
A SINR (dB)

20

30 40




[image: image13.png]F(

(Packet size, A) = (0.1MB,2)

09

08

07

06

04

03

02

01

—— scheme 1
———scheme 3

-40

-30

-20

-10 0 10
A SINR (dB)

20

30 40





Figure 4 Delta SINR distribution comparison between scheme 1 and scheme 3 at packet size 0.1MB
Observation 1: Measurement gap can be observed when there is delay in cross-link measurement or when measurement only captures DL interference or UL interference. 
Proposal 1: NR dynamic TDD shall define RS and interference measurement mechanism that enable accurate measurement on the instantaneous cross-link interference. 
3 Conclusion 

In this contribution, we presented measurement gap analysis of various SINR measurement schemes. Based on the discussion we draw the following observations and proposals:
Observation 1: Measurement gap can be observed when there is delay in cross-link measurement or when measurement only captures DL interference or UL interference 
Proposal 1: NR dynamic TDD shall define RS and interference measurement mechanism that enable accurate measurement on the instantaneous cross-link interference 
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5 Appendix

Simulation assumptions are listed in the following table, which is based on [4].
Table 1 System level simulation assumption 

	Parameters
	Indoor hotspot

	Layout
	Single layer

3 BSs in 120m x 50m

	Inter-BS distance 
	40m

	Min BS-UE distance
	0m

	Carrier frequency 
	4GHz 

	Simulation bandwidth
	20MHz 

	Channel model [5-7]
	TRP-to-UE: ITU InH [5,6]

TRP-to-TRP: ITU InH (h_UE=3m), ASA statistics updated to be the same as ASD

UE-to-UE: ITU InH, ASD statistics updated to be the same as ASA.

	BS Tx power 
	24dBm 

	UE Tx power 
	23dBm

	BS antenna configurations [7]
	(M, N, P, Mg, Ng)=(1, 1, 2, 1, 1) Omni antenna model

Boresight direction is perpendicular to ceiling.

	BS antenna height 
	3m

	BS receiver noise figure
	5dB

	UE antenna configuration
	(M, N, P, Mg, Ng)=(1, 1, 2, 1, 1) Omni antenna model

	UE antenna height
	1.5m

	UE receiver noise figure
	9dB

	UE association
	Based on RSRP measurement [7]

	Traffic model
	FTP-3 model with packet size 0.1MB

	UE distribution
	10 users per TRP 

- 100% indoor
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