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1
Introduction
The WI on the cross-link interference (CLI) management with flexible/dynamic TDD [1] includes multiple objectives. In the contribution we address the following objective:
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]

We provide input to that objective by first presenting our general considerations and first set of proposals in Section 2. Section 3 include more detailed proposals for signalling of intended DL/UL configuration (i.e. NR radio frame configuration), while Section 4 introduces signalling of CLI interference sensitivity vectors. The contribution is concluded in Section 5 with summary of our main proposals.
2 
General considerations
As written in the Justification of the CLI WI (and observed during the NR SI phase and well as start of the Rel-15 NR WI phase), it is an advantage to allow adaption of the TDD radio frame configuration in coherence with the offered traffic conditions, as compared to using a static TDD radio frame configuration. However, the cost of this is increased risk of undesirable CLI. Mitigation of CLI via network coordination was found to be beneficial. CLI was especially found to be a problem for macro scenarios with high power gNBs operating in FR1 as mainly evaluated for 2 and 4 GHz. For indoor small cell scenarios (4GHz and 30 GHz), mitigation of CLI was also found to be useful, although CLI is less of a problem for such scenarios. We suggest considering TDD network coordination for the reference distributed network architecture via the logical Xn interface between gNBs. Secondly, TDD network coordination shall also be enabled for the higher layer intra-gNB functional-split with a centralized unit (CU) and multiple distributed units (DUs) as defined in 3GPP TS 38.401. That is, enabling coordination of TDD switching patterns between the CU and DUs via the so-called F1-C interface as standardized in 3GPP TS 38.470 (Stage 2) and TS 38.473 (Stage 3). Covering both the Xn and F1 interface is in line with the CLI WID [1]. Based on those observations, we arrive at the following:
Proposal 1: Prioritize to define generic Xn/F1-based TDD coordination procedures applicable for both macro and small cell scenarios, with special emphasis on FR1 macro-cellular deployments as those are the most challenging cases.

The first step towards including network-based TDD coordination is standardization of signalling of the used radio frame configuration between gNBs and between the gNB-CU and the gNB-DU. In line with the CLI WI objective, at least allowing cells to share information of their used radio frame configuration shall be included: 
Proposal 2: It should be possible to signal used radio frame configurations over the Xn and F1 interface.

It would furthermore be desirable to enable both proactive and reactive network-based coordination schemes. Proactive schemes refer to mechanisms that enable to coordinate the used TDD radio frame configuration up front between cells to best leverage the tradeoffs between selecting the best TDD radio frame configuration from a traffic adaptation point of view, while still minimizing the impact of CLI. Reactive scheme are solutions that enable to detect problems, and afterwards take proper actions to address those. Hence, proactive solutions include an element of prediction, while reactive schemes include monitoring/observations, followed by recovery actions when problems are detected. As we cannot guarantee error free proactive coordination for all cases, both proactive and reactive TDD coordination schemes are desirable:   

Proposal 3: It is desirable to have network signalling procedures for coordination of TDD switching patterns between gNBs, supporting both proactive and reactive mechanisms. Providing means to leverage tradeoffs between traffic adaptation and network-based CLI management. Details are FFS.
Towards proposal 3, it would be useful to enable collection of CLI measurements, as well as exchange of such measurements between cells. In line with the CLI WI, there is already an objective to “Specify cross-link interference measurements at a UE”. Making such CLI measurements available between cells would be a clear advantage so current CLI situation could be considered for adapting the TDD radio frame configuration. Solutions for how to most efficiently format and exchange UE and gNB CLI measurements between gNBs and CU-DUs should therefore be part of the solution:
Proposal 4: Simple means for exchange of CLI (gNB and UE) measurements between gNBs over the Xn interface and between gNB-CU and gNB-DUs over F1-C are desirable.
3
Signaling of radio frame configuration 
According to the CLI-RIM WID the network coordination mechanism shall at least include exchange of intended DL/UL configuration, which in our view implies signaling of the NR radio frame configuration. In this section we therefore present specific proposals for signaling of the NR radio frame configuration over the Xn interface. Although presented only for the Xn interface in the following, similar method could be used also for the F1. 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 radio 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 38.213, where “D” indicates downlink symbol, “U” indicates uplink symbol, and “F” is flexible. Hence, “F” 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 “F” (which could be set to mute for guard period), and ten uplink transmission symbols. For the sake of easy referencing, Table 11.1.1-1from 3GPP TS 38.213 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 [3GPP TS 38.423]. Cyclic prefix length information is currently missing, but is needed to provide full information of the radio frame configuration. 
Proposal 5: Support exchange of cyclic prefix length information via Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures).    

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. 
As typical gNB implementations may not implement and utilize all slot formats, we further propose that gNB could inform other gNBs which formats it support. It is therefore proposed that a gNb should be able to signal a list of the N supported slot formats as part of the XnAP Served Cell Information NR IE. 
We denote the N supported slot formats for the gNB (or cell at the gNB) by the vector [SupportedSlotFormat_1, SupportedSlotFormat_2,….,SupportedSlotFormat_N], where SupportedSlotFormat_x [0,1,2,…255] as per the NR slot formats defined by 3GPP in TS 38.213. 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 38.213.

Proposal 6: Support exchange of radio frame configuration information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures)
· The radio frame configuration information to be a vector of length M, where the m-th element of that vector refers to one of the NR slot formats supported by the gNB (as also signaled on XnAP). 
· Support procedure enable frequent updates of the radio frame configuration information on the Xn interface, which may require to include this information in a new XnAP procedure.
4
Signaling of CLI sensitivity vector

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. 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 7: Support exchange of cross-link interference sensitivity information per cell using an XnAP procedure , where CLI sensitivity information use
·  vector representation for the cross-link interference sensitivity 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. 
·  Support the sensitivity level to three levels, denoted as High, Medium, Low.     

In the context, slots where the CLI sensitivity is indicated to be Low can be disregarded, meaning that a neighboring cell can freely change its UL/DL configuration as the cell experiencing the interference is not sensitive. While for slots where the CLI sensitivity is indicated to be High, it is of importance to control that the risk of experiencing remote interference is minimized as much possible. 
5
Signaling of measurement resource 

Due to higher sensitivity of timing offset to the measurement accuracy, we are proposing to provide the expected timing offset at the serving cell UE to measure SRS-RSRP [2]. The information can be a cell specific, and maximum timing advance estimated in a cell can be used to determine the expected timing offset. In order to facilitate the CLI measurement, it is recommended to support exchange of the information of timing advance (e.g. max timing advance estimated) of each cell.   
Proposal 8: Support exchange of information on (maximum) timing advance of each cell to be used for calculating expected SRS timing offset to be measured in the victim UE.
· Maximum Timing Advance as form of fractions of one OFDM symbol 

For a gNB point of view, there may be some need for specific resource to be protected from CLI. Though the neighbor information delivered via SIB1 (e.g. PRACH resources..) may be exchanged for mobility purpose, there are another important resource to be protected, for example resources, for random access response, SIB transmission etc. In order to provide the enough protection, a gNB can request neighbor gNB for avoiding the scheduling generating a strong interference to the cell. This information is necessary to include the slot and subband information.    
Proposal 9: Support exchange of information on green zone which need to be protected from the strong CLI. The information includes the slot number and the subband indication.

6
Conclusion
In this contribution we have presented our proposals related to the following objective “Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]”. Those are:
Proposal 1: Prioritize to define generic Xn/F1-based TDD coordination procedures applicable for both macro and small cell scenarios, with special emphasis on FR1 macro-cellular deployments as those are the most challenging cases.

Proposal 2: It should be possible to signal used radio frame configurations over the Xn and F1 interface.

Proposal 3: It is desirable to have network signalling procedures for coordination of TDD switching patterns between gNBs, supporting both proactive and reactive mechanisms. Providing means to leverage tradeoffs between traffic adaptation and network-based CLI management. Details are FFS.

Proposal 4: Simple means for exchange of CLI (gNB and UE) measurements between gNBs over the Xn interface and between gNB-CU and gNB-DUs over F1-C are desirable.
Proposal 5: Support exchange of cyclic prefix length information via Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures).    

Proposal 6: Support exchange of radio frame configuration information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures)

· The radio frame configuration information to be a vector of length M, where the m-th element of that vector refers to one of the NR slot formats supported by the gNB (as also signaled on XnAP). 

· Support procedure enable frequent updates of the radio frame configuration information on the Xn interface, which may require to include this information in a new XnAP procedure.

Proposal 7: Support exchange of cross-link interference sensitivity information per cell using an XnAP procedure , where CLI sensitivity information use

·  vector representation for the cross-link interference sensitivity 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. 

·  Support the sensitivity level to three levels, denoted as High, Medium, Low.     

Proposal 8: Support exchange of information on (maximum) timing advance of each cell to be used for calculating expected SRS timing offset to be measured in the victim UE.
· Maximum Timing Advance as form of fractions of one OFDM symbol 

Proposal 9: Support exchange of information on green zone which need to be protected from the strong CLI. The information includes the slot number and the subband indication.

It should be noted that formally it is RAN3 responsibility to standardize Xn and F1 procedures (and related Information Elements), so it is suggested that RAN1 sends a LS to RAN3 to ask their opinion on the feasibility of standardizing these proposals. As we read the objective “Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]” at least signalling of radio frame configuration shall be standardized. For that, we have presented concreate suggestions as captured in Proposals 5-7.
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Annex: Slot format table from 3GPP TS 38.213
Table 11.1.1-1: 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
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any, on detected DCI formats


