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Discussion and Decision
1  Introduction
The ongoing Study Item on “Study on remote interference management for NR” (RP-181832) would benefit from standardization of inter-gNB signalling of the used radio frame configuration. Furthermore, standardization of inter-gNB signalling of radio frame configuration would also be needed for the upcoming (and approved) Work Item on “New WID on Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR” (RP-181652). In this context, it is worth noticing that RIM aims at reducing the impact of cross-link interference originating from a remote transmitting gNB that causes uplink interference to a receiving gNB. Hence, the main topic of this contribution is standardization of related Xn procedures to facilitate interformation exchange of the used radio frame configuration. Given the highly flexible NR design (supporting different physical layer numerologies, large number of different slot formats, etc.) enhanced Xn procedures for signalling of radio frame configuration are needed as compared to the equivalent signalling of TDD frame configuration as known from LTE. In addition, we also propose standardization of so-called cross-link interference (CLI) sensitivity vector siganling between gNBs that we believe are beneficial for both RIM and for general CLI management purposes.
The paper also includes a TP for TR 38.866.
2
Signaling of radio frame configuration
The 5G NR frame structure is designed to be highly flexible. A radio frame is 10 ms, and consists of a series of 1 ms subframes. Each frame is divided into two equally-sized half-frames of five subframes, each with half-frame 0 consisting of subframes 0 – 4 and half-frame 1 consisting of subframes 5 – 9. A subframe consists of 14 OFDM symbols for cases with normal cyclic prefix, while it equals only 12 OFDM symbols for the case with extended cyclic prefix and subcarrier spacing of 60 kHz. The number of slots per subframe / radio frame depends on the subcarrier spacing. For 15 kHz subcarrier spacing there is one slot per subframe, for 30 kHz there are two slots per subframe, for 60 kHz there are four slots per subframe, and so forth.

A large number of possible slot formats are defined in 3GPP TS 38.211 – Table 4.3.2-3, where “D” indicates downlink symbol, “U” indicates uplink symbol, and “X” is flexible. Hence, “X” could refer to muting or be used for downlink or uplink transmission. As an example, slot format 0 and 1 corresponds to downlink-only and uplink-only slots, respectively. Slot format 36 contain first three downlink transmission symbols, followed by “X” (which could be set to mute for guard period), and ten uplink transmission symbols. For the sake of easy referencing, Table 4.3.2-3 from 3GPP TS 38.211 is included in the Annex of this contribution. As per 3GPP TS 38.213, the gNB may dynamically inform the UEs of the used slot format. 

We assume that for each cell, parameterization of the subcarrier spacing, cyclic prefix length (normal or extended), carrier bandwidth are “static” or “semi-static” settings that are seldom adjusted. As per today, subcarrier spacing and carrier bandwidth are signalled within the Served Cell Information NR IE, which is carried by the Xn Setup and NG-RAN Node Configuration Update procedures. Cyclic prefix length information is currently missing, but is needed to provide full information on radio frame configuration. Also, down-selection of network signalling options for RIM (e.g. using Xn or signalling through 5GC) is part of the present study item, the proposals below may therefore applies to XnAP and possibly also to inter-gNB signalling via the 5GC. 
· Proposal 1: Add cyclic prefix length information to the XnAP Served Cell Information NR IE.    

Given the parameterization of those fundamental PHY layer settings, one 10 ms radio frame will consist of M slots, where M=10 for 15 kHz SCS, M=20 for 30 kHz, M=40 for 60 kHz SCS, and so forth. 

We further propose that a gNB can inform other gNBs which radio frame configurations that are used in its served cell. This information may be signaled from one gNB to another with a vector of length M, where the m-th element of that vector refers to one of the NR slot formats defined in TS 38.211.   
· Proposal 2: Add radio frame configuration information to the XnAP Served Cell Information NR IE. 
· Proposal 3: RAN3 to further consider whether need for frequent updates of the radio frame configuration information may justify to additionally include this information in an XnAP class 2 procedure to be defined.   

3
Signaling of CLI sensitivity vector for RIM
In addition to the inter-gNB radio frame configuration signaling, it is proposed to allow the gNb to also signal a corresponding cross link interference (CLI) sensitivity vector. This is relevant for RIM solutions, as RIM aims at reducing the impact of cross-link interference originating from a remote transmitting gNB that cause uplink interference to a receiving gNB. The CLI sensitivity vector also has length M, and is intended to inform other gNBs how sensitive the different slots (in the radio frame configuration) are to CLI. For the sake of simplicity, it is proposed to quantize the sensitivity level to three levels, denoted as High, Medium, Low. But, the scheme could of course be further generalized to allow more levels if deemed necessary. 
· Proposal 4: Include cross-link interference sensitity information per cell an XnAP class 2 procedure to be defined. 

· Proposal 5: Use vector representation for the cross-link interference sensitity information, where the n-th element of the cross-link interference sensitivity vector expresses how sensitive the cell is to potential cross-link interference in the n-th slot in the radio frame configuration. It is suggested to quantize the sensitivity level to three levels, denoted as High, Medium, Low.     
In the context of RIM, slots where the CLI sensitivity is indicated to be Low can be disregarded, not being subject to any RIM actions. However, for slots where the CLI sensitivity is indicated to be High, the RIM framework is of importance to control that the risk of experiencing remote interference is minimized as much possible.
4
Concluding remarks
We conclude the contribution by repeating our proposals as follows:
· Proposal 1: Add cyclic prefix length information to the XnAP Served Cell Information NR IE. 
· Proposal 2: Add radio frame configuration information to the XnAP Served Cell Information NR IE. 

· Proposal 3: RAN3 to further consider whether need for frequent updates of the radio frame configuration information may justify to additionally include this information in an XnAP class 2 procedure to be defined.   

· Proposal 4: Include cross-link interference sensitity information per cell in an XnAP class 2 procedure to be defined. 

· Proposal 5: Use vector representation for the cross-link interference sensitity information, where the n-th element of the cross-link interference sensitivity vector expresses how sensitive the cell is to potential cross-link interference in the n-th slot in the radio frame configuration. It is suggested to quantize the sensitivity level to three levels, denoted as High, Medium, Low.  
The above proposals are of relevance for both the ongoing Study Item on “Study on remote interference management for NR” (RP-1832) and the upcoming (and approved) Work Item on “New WID on Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR” (RP-181652).A TP for TR 38.866 is included in annex A.
Annex A: Text proposal to TR 38.866
6.3
Potential mechanisms on coordination among gNBs for mitigating remote interference 
6.3.x
Description of required information

6.3.x.y1
Radio frame configuration

The 5G NR frame structure is designed to be highly flexible. A radio frame is 10 ms, and consists of a series of 1 ms subframes. Each frame is divided into two equally-sized half-frames of five subframes, each with half-frame 0 consisting of subframes 0 – 4 and half-frame 1 consisting of subframes 5 – 9. A subframe consists of 14 OFDM symbols for cases with normal cyclic prefix, while it equals only 12 OFDM symbols for the case with extended cyclic prefix and subcarrier spacing of 60 kHz. The number of slots per subframe / radio frame depends on the subcarrier spacing. For 15 kHz subcarrier spacing there is one slot per subframe, for 30 kHz there are two slots per subframe, for 60 kHz there are four slots per subframe, and so forth.

A large number of possible slot formats are defined in TS 38.211 – Table 4.3.2-3, where “D” indicates downlink symbol, “U” indicates uplink symbol, and “X” is flexible. Hence, “X” could refer to muting or be used for downlink or uplink transmission. As an example, slot format 0 and 1 corresponds to downlink-only and uplink-only slots, respectively. Slot format 36 contain first three downlink transmission symbols, followed by “X” (which could be set to mute for guard period), and ten uplink transmission symbols. As per TS 38.213, the gNB may dynamically inform the UEs of the used slot format. 

We assume that for each cell, parameterization of the subcarrier spacing, cyclic prefix length (normal or extended), carrier bandwidth and frequency, are “static” or “semi-static” settings that are seldom adjusted. As per today, subcarrier spacing and carrier bandwidth are signalled within the Served Cell Information NR IE, which is carried by the Xn Setup and NG-RAN Node Configuration Update procedures. Cyclic prefix length information is currently missing, but is needed to provide full information on radio frame configuration. 

Signalling of radio frame configuration should take into account that a 10 ms radio frame will consist of M slots, where M=10 for 15 kHz SCS, M=20 for 30 kHz, M=40 for 60 kHz SCS, and so forth. A gNB should be enabled to inform other gNBs which radio frame configurations that are used in its served cells. This information may be signaled from one gNB to another with a vector of length M, where the m-th element of that vector refers to one of the NR slot formats defined in TS 38.211. Similarly to the “static” or “semi-static” parameters described above, also radio frame configuration information may be signaled within the Served Cell Information NR IE. It may also be beneficial to additionally include this information in an XnAP class 2 procedure to be defined.
6.3.x.y2
Cross link interference (CLI) sensitivity information

In addition to the inter-gNB radio frame configuration signaling, it is proposed to allow the gNB to also signal  corresponding cross link interference sensitivity information. This is relevant for RIM solutions, as RIM aims at reducing the impact of cross-link interference originating from a remote transmitting gNB that cause uplink interference to a receiving gNB. 

CLI sensitivity information may be expressed as a vector of length M (same length as the radio frame configuration vector, each element representing a slot), and is intended to inform other gNBs how sensitive the different slots (in the radio frame configuration) are to CLI. For the sake of simplicity, it is proposed to quantize the sensitivity level to three levels, denoted as High, Medium, Low. But, the scheme could of course be further generalized to allow more levels if deemed necessary. 
In the context of RIM, slots where the CLI sensitivity is indicated to be Low can be disregarded, not being subject to any RIM actions. However, for slots where the CLI sensitivity is indicated to be High, the RIM framework is of importance to control that the risk of experiencing remote interference is minimized as much possible.
Annex B: NR supported slot formats (TS 38.211)

Table 4.3.2-3: Slot formats for normal cyclic prefix.

	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X

	8
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	9
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	10
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	X
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	17
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	18
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	19
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	20
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	21
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	22
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	23
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	24
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	25
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	26
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	27
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U
	U

	34
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	U

	44
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X
	X
	U
	U

	45
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	X
	U
	D
	D
	D
	D
	D
	X
	U

	47
	D
	D
	X
	U
	U
	U
	U
	D
	D
	X
	U
	U
	U
	U

	48
	D
	X
	U
	U
	U
	U
	U
	D
	X
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	X
	X
	U
	D
	D
	D
	D
	X
	X
	U

	50
	D
	D
	X
	X
	U
	U
	U
	D
	D
	X
	X
	U
	U
	U

	51
	D
	X
	X
	U
	U
	U
	U
	D
	X
	X
	U
	U
	U
	U

	52
	D
	X
	X
	X
	X
	X
	U
	D
	X
	X
	X
	X
	X
	U

	53
	D
	D
	X
	X
	X
	X
	U
	D
	D
	X
	X
	X
	X
	U

	54
	X
	X
	X
	X
	X
	X
	X
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	X
	X
	X
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 255 
	Reserved


