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1 Introduction

In RAN plenary meeting #80, a SID on remote interference management for NR was agreed [1]. The effect of remote interference (atmosphere duct) has been identified to be a source to increase IoT at eNB. The existing TD-LTE network already deploys means to overcome it though there is no 3GPP standardization. In RAN1#94 meeting, the scenarios and the framework for RIM were agreed [2], 

Agreements:

· To include the following in the TR: As shown in Figure 1, it is assumed in the RIM study that the whole network with synchronized macro cells has a common understanding on a DL transmission boundary (denotes as the 1st reference point) which indicates the ending boundary of the DL transmission, and an UL reception boundary (denotes as the 2nd reference point) which denotes the starting boundary of the first allowed UL reception within a DL-UL transmission periodicity. 

· The boundary may be considered for RS design

· The 1st reference point locates before the 2nd reference point.

Agreements:

· In terms of the IoT (interference over thermal) increase between two sets of gNBs causing remote interference to each other, two scenarios should be considered for NR-RIM,

1. Scenario #1: IoT increases are detectable by one or more gNBs in both sets,

2. Scenario #2: IoT increase is detectable by one or more gNBs in only one set.

Agreements:

Framework-1, Framework-2.1, Framework-2.2 below are used as starting point for further study, using Framework-0 as basis for comparison.

Note:

· Not all the steps need to be included when making use of a given framework.

· Mechanisms for improving network robustness at both victim and aggressor side can be studied under the NR-RIM frameworks.
· A victim cell may take actions applying remote mitigation scheme. This detail is FFS
· An aggressor may also be a victim (and vice versa) at least for Scenario #1

In this contribution, we discuss the reference signal design to mitigate remote interference. 
2 RIM RS in TD LTE
In a TD-LTE network, once a victim eNB detects remote interference, the victim eNB transmits RIM RS that helps aggressor eNB to find its interference to victim eNB though atmosphere duct. For example, assuming the special subframe configuration of victim is 9:3:2. After identifying remote interference, the victim will transmit its RIM RS in the last two symbols in DwPTS. The reason to use last 2 symbols in DwPTS is let aggressor detect RIM RS in its uplink symbols and estimate the distance between aggressor and victim. As illustrated in Figure 1, RIM RS is transmitted with a long period. 
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Figure 1: RIM RS from victim eNB

In TD-LTE, the number of patter for RIM RS is 4096, constructed by 1024 different time position and 4 CDM sequences in a time position. For example, RIM RS of a particular eNB is transmitted in one frame out of every 1024 frames periodically. One of the four sequences is used. The exact frame offset within a period and the certain one sequence is configured to each eNB respectively.  
The current RIM RS in TD-LTE adopt a time repetition structure. In details, the 2 CPs of the two adjacent OFDM symbols are merged and form a larger CP followed by two pure OFDM symbols. Such a structure is similar to LTE PRACH preamble format 2 and 3. Thanks to the time repetition structure, the detection at aggressor can be done in OFDM symbol level as shown in Figure 2. For a victim with a delay of 
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, the aggressor can detect it in detection window 0. For a victim with a delay of 
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, the aggressor can detect it in detection window 1.  Without such repletion, window for detection at aggressor eNB has to shift at sample level. 
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Figure 2: OFDM symbol level detection of RIM RS

3 RIM reference signal in NR

No special subframe defined in NR, but NR supports various slot structure including D+F+U. ‘D’ means DL symbol, ‘F’ means flexible symbol, ‘U’ means UL symbol. Therefore, NR is actually more flexible in configuring UL-DL time resources. If there is no issue of atmosphere duct, more ‘F’ symbols can be used as DL. If atmosphere duct happens, more ‘F’ symbols could be allocated and emptied, just as a long gap in TD-LTE. 

For all candidate RIM frameworks, a victim gNB also needs to transmit RIM RS to assist aggressor gNB to find its interference to victim gNB though atmosphere duct. RIM RS can be located in the last symbol(s) before DL transmission boundary. An aggressor gNB after change to new slot structure will send another dedicated RIM RS2 in framework 1. Again, RIM RS2 can be located in the last symbol(s) before DL transmission boundary. It needs further study if RIM RS and RIM RS2 are from the same set of candidate RS pattern. As shown in Figure 3, the aggressor gNB adopts a new slot structure with less DL symbol to avoid remote interference to victim. However, the aggressor gNB still needs to transmit RIM RS2 at the last symbol(s) before DL transmission boundary of early slot structure. A victim can monitor RIM RS2 to check if remote interference is still a problem if letting aggressor change back to its early slot structure. Similarly, RIM RS2 is transmitted with a long period.

[image: image5.emf]DL Subframe

UL Subframe DwPTS

RIM RS

DL Subframe

UL Subframe DwPTS


Figure 3: RIM RS2 from aggressor gNB

According to the above discussion, design of RIM RS and RIM RS2 (if needed) are critical for RIM mechanism. The ID space for RIM RS/RS2 should be large enough to identify gNBs uniquely in a quite large area. The detection complexity should be reduced as much as possible. NR supports quite flexible design on physical channels/signals. To reduce the standardization effort, especially considering the limited time units for this study item, it is preferred to maximize reusing the existing reference signals of NR. The two candidates can be PRACH channel and CSI-RS. 

3.1 Reusing PRACH channel

NR supports a large set of format for PRACH preamble. The length of sequence for PRACH preamble can be either 839 or 139. For long sequence 839, the preamble is mapped to one or multiple slots with SCS 1.25kHz or 5kHz. For short sequence 139, the preamble is mapped to one or multiple symbols with SCS 15/30/60/120kHz. From the discussion in section 2, a good property of RIM RS in TD-LTE is the time repetition structure that enables single detection window per symbol. Such a repetition structure exists in PRACH preamble. To minimize remote interference, it is desired that RIM RS/RS2 is transmitted in smaller number of symbols. Therefore, PRACH preamble with short sequence 139 and less number of symbols is better candidates. As shown in Table 6.3.3.1-2 cited from 38.211, a RACH preamble can contain 2, 4, 6, 12 repetitions in time domain. If simulating the RIM RS in TD-LTE, format A1 or B1 with 2 repetitions are more promising. 
Table 6.3.3.1-2: Preamble formats for 
[image: image6.wmf]139

RA

=

L

 and 
[image: image7.wmf]kHz

 

2

15

RA

m

×

=

D

f

 where 
[image: image8.wmf]{

}

3

,

2

,

1

,

0

Î

m

.

	Format
	
[image: image9.wmf]RA

L


	
[image: image10.wmf]RA

f

D


	
[image: image11.wmf]u

N


	
[image: image12.wmf]RA

CP

N


	Support for restricted sets

	A1
	139
	
[image: image13.wmf]kHz

 

2

15

m

×


	
[image: image14.wmf]m

k

-

×

×

2

2048

2


	
[image: image15.wmf]m

k

-

×

2

288


	-

	A2
	139
	
[image: image16.wmf]kHz

 

2

15

m

×


	
[image: image17.wmf]m

k

-

×

×

2

2048

4


	
[image: image18.wmf]m

k

-

×

2

576


	-

	A3
	139
	
[image: image19.wmf]kHz

 

2

15

m

×


	
[image: image20.wmf]m

k

-

×

×

2

2048

6


	
[image: image21.wmf]m

k

-

×

2

864


	-

	B1
	139
	
[image: image22.wmf]kHz

 

2

15

m

×


	
[image: image23.wmf]m

k

-

×

×

2

2048

2


	
[image: image24.wmf]m

k

-

×

2

216


	-

	B2
	139
	
[image: image25.wmf]kHz

 

2

15

m

×


	
[image: image26.wmf]m

k

-

×

×

2

2048

4


	
[image: image27.wmf]m

k

-

×

2

360


	-

	B3
	139
	
[image: image28.wmf]kHz

 

2

15

m

×


	
[image: image29.wmf]m

k

-

×

×

2

2048

6


	
[image: image30.wmf]m

k

-

×

2

504


	-

	B4
	139
	
[image: image31.wmf]kHz

 

2

15

m

×


	
[image: image32.wmf]m

k

-

×

×

2

2048

12


	
[image: image33.wmf]m

k

-

×

2

936


	-

	C0
	139
	
[image: image34.wmf]kHz

 

2

15

m

×


	
[image: image35.wmf]m

k

-

×

2

2048


	
[image: image36.wmf]m

k

-

×

2

1240


	-

	C2
	139
	
[image: image37.wmf]kHz

 

2

15

m

×


	
[image: image38.wmf]m

k

-

×

×

2

2048

4


	
[image: image39.wmf]m

k

-

×

2

2048


	


On the other hand, as shown in Table 6.3.3.2-1 cited from 38.211 and assuming same SCS for PRACH preamble and PUSCH, the number of PRB occupied by format A1 or B1 is 12. That is, for SCS 12/30/60 kHz, the BW occupied is about 2.16/4.32/8.64MHz. From the email discussion before meeting, RIM RS in TD-LTE will occupy full BW. For BW 10MHz, the effective BW occupied by RIM RS is about 9MHz. Since the occupied BW of PRACH preamble is smaller than RIM RS in TD-LTE, the one-shot detection performance is worse but that can be compensated by averaging the measurement of RIM RS in multiple periods. 
Table 6.3.3.2-1: Supported combinations of 
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Observation 1:

· NR PRACH format A1 or B1 has a form of 2 repetitions in time domain which simulates the RIM RS used in TD-LTE. 

· If BW of PRACH format A1 or B1 is a problem, it could be overcome by average the measurements of RIM RS in multiple periods. 
3.2 Reusing CSI-RS
NR supports quite flexible configuration of CSI-RS. Multiple CSI-RS ports could be defined by FDM-2 on two adjacent REs in same symbol, by CDM4 (FD2, TD2) on 2 adjacent REs in 2 adjacent symbols, or by CDM8 (FD2, TD4) on 2 adjacent REs in 4 adjacent symbols. Further it also support one port CSI-RS. One port CSI-RS is mapped to single symbol and could have a density of 3, 1, 1/2 REs pre PRB. As shown in Figure 4, for one port CSI-RS with density of 3 RE/PRB, its time domain signal contains 4 repetitions. However, further higher density for CSI-RS is not supported in NR. 
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Figure 4: One port CSI-RS with 3 RE/PRB density

Since there is repetition structure within one symbol, CSI-RS based RIM RS can be transmitted in only the last symbol before DL transmission boundary. According to design of NR CSI-RS, it allows much flexibility for the occupied bandwidth. Thanks to the repetition structure shown in Figure 4, it is also possible to detect such CSI-RS based RIM RS/RS2 from a remote eNB using half symbol detection window, as shown in Figure 5. Sample level sliding of detection window is avoided. Equivalently, assuming SCS of the carrier is 30kHz, the single symbol of CSI-RS can be viewed as two repetition symbols of CSI-RS of SCS 60kHz. Therefore similar detection method as PRACH based RIM or TD-LTE RIM works.  
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Figure 5: Half symbol detection window of CSI-RS

Observation 2:

· One port CSI-RS has time repetition structure within one OFDM symbol. 
· Half symbol detection window can be used instead of sample level shifting of detection window. 
4 Conclusions
In this contribution, we analyze the design of RIM RS in TD-LTE, which has a good property of time repetition. It is then observed that NR already support various RS with time repetition structure, hence it is preferred to reuse NR existing RS to serve as RIM RS/RS2. We make the following observations and proposal, 
Observation 1:

· NR PRACH format A1 or B1 has a form of 2 repetitions in time domain which simulates the RIM RS used in TD-LTE. 

· If BW of PRACH format A1 or B1 is a problem, it could be overcome by average the measurements of RIM RS in multiple periods. 
Observation 2:

· One port CSI-RS has time repetition structure within one OFDM symbol. 

· Half symbol detection window can be used instead of sample level shifting of detection window. 
Proposal:

· NR studies RIM RS based on existing PRACH preamble or CSI-RS. 
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