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1. Introduction

RAN3 has received two LSs that trigger work in the same area, these are [1] and [2].
In one of the attachments in the LS in [1] the following is agreed:

· Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064):
· UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.
Despite the “red text” above being difficult to find (unless colour blindness affected the entire population, there is no red text in RP172064), the message in the LS is to define signalling that avoids a UE only capable of single-UL transmission (“single-TX UE”) in certain “difficult” band combinations to be scheduled (by eNB and gNB respectively) for uplink transmission in the same time resources in NR and LTE carriers. This calls for the definition of signalling indicating time-domain resources on which the network nodes (eNB or gNB) intend to schedule a given UE for uplink transmission.
Observation 1: in order to address the case of single Tx capable UEs, signalling indicating time-domain resources on which the network nodes (eNB or gNB) intend to schedule a given UE for uplink transmission is needed
In the LS in [2] the following is requested by RAN1:

· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· These patterns can be at least UE-specific. 

Observation 2: to solve the harmonic interference coordination problem, RAN1 is requesting RAN3 to enable signalling indicating time-frequency domain resources on which the network nodes (eNB or gNB) intend to schedule a given UE in UL for LTE and in UL and DL for NR

It is rather obvious that the problems in [1] and [2] can be solved with a single solution enabling signalling between LTE and NR nodes of per UE time-frequency patterns indicating intended utilisation of LTE UL, NR UL and NR DL resources and indicating the intended type of resource coordination targeted.

Conclusion 1: The problems of single TX UE handling and harmonic interference coordination can be solved by enabling signalling of time-frequency domain resources on which the network nodes (eNB or gNB) intend to schedule a given UE in LTE UL, NR UL and NR DL, together with an indication of the type of resource coordination intended.
2. Analysis of existing signalling mechanisms
Given the prioritisation of work on EN-DC, we can focus our discussion on the case of signalling via the X2 interface between an MeNB and an SgNB. If we look at what was done over X2, we can find that a time-frequency pattern of resources intended to be utilised by an eNB was espressed in the RNTP IE, hence this is a good encoding example to follow.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RNTP Per PRB
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on), for which the bit value represents RNTP (nPRB), defined in TS 36.213 [11]. 

Value 0 indicates "Tx not exceeding RNTP threshold". 

Value 1 indicates "no promise on the Tx power is given". The IE is ignored if the Enhanced RNTP IE is included.
	–
	–

	RNTP Threshold
	M
	
	ENUMERATED (-∞, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, …)
	RNTPthreshold is defined in TS 36.213 [11].
	–
	–

	Number Of Cell-specific Antenna Ports 
	M
	
	ENUMERATED (1, 2, 4, …)
	P (number of antenna ports for cell-specific reference signals) defined in TS 36.211 [10]
	–
	–

	P_B
	M
	
	INTEGER (0..3, …)
	PB is defined in TS 36.213 [11].
	–
	–

	PDCCH Interference Impact
	M
	
	INTEGER (0..4, …)
	Measured by Predicted Number Of Occupied PDCCH OFDM Symbols (see TS 36.211 [10]).

Value 0 means "no prediction is available".
	–
	–

	Enhanced RNTP
	O
	
	
	
	YES
	ignore

	>Enhanced RNTP Bitmap
	M
	
	BIT STRING (12..8800, …)


	Each position in the bitmap represents a PRB in a subframe; value “00” indicates "Tx not exceeding RNTP Threshold", value “01” indicates "Tx not exceeding RNTP High Power Threshold", value “11” indicates that "no promise on the Tx power is given". Value "10" is ignored by the receiver”.

Each position is applicable only in positions corresponding to DL subframes.

The first 2 bits correspond to PRB 0 of the first subframe for which the IE is valid, the following 2 bits correspond to PRB 1 of the first subframe for which the IE is valid, and so on.

The bit string may span across multiple contiguous subframes (maximum 40).

The length of the bit string is an integer multiple of 
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 is defined in TS 36.211 [10].

The Enhanced RNTP pattern is continuously repeated.


	
	

	>RNTP High Power Threshold
	M
	
	ENUMERATED (-∞, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, …)
	Defined as the

RNTPthreshold in TS 36.213 [11].
	
	

	>Enhanced RNTP Start Time
	
	0..1
	
	
	
	

	>>Start SFN
	M
	
	INTEGER (0..1023, …)
	SFN of the radio frame containing the first subframe when the Enhanced RNTP IE is valid.
	
	

	>>Start Subframe Number
	M
	
	INTEGER (0..9, …)
	Subframe number, within the radio frame indicated by the Start SFN IE, of the first subframe when the Enhanced RNTP IE is valid.
	
	


In order to find a solution for single Tx capable UEs and harmonic interference coordination the RNTP IE can be taken as model and transformed into information signalled on a per UE basis to express intended utilisation of UL/DL time frequency resources.
With reference to the running CR in [3] it is foreseen that the information exchange to achieve coordination of the cases above needs to be added to the following procedures:
· SgNB Addition Preparation: this allows the MeNB to signal, in a UE associated way, to SgNB its intended resource utilisation and receive in response the intended resource utilisation of the SgNB
· MeNB initiated SgNB Modification Preparation: this allows the MeNB to signal, in a UE associated way, to SgNB eventual modifications of the intended resource utilisation and receive in response the eventually modified intended resource utilisation of the SgNB
· SgNB initiated SgNB Modification: this allows the SgNB to signal, in a UE associated way, to MeNB eventual modifications of the intended resource utilisation and receive in response the eventually modified intended resource utilisation of the MeNB
The information that can be signalled should contain:

· A cell identifier for the cell for which the intended resource allocation is signalled
· An indication from the MeNB to the SgNB of the intended UL resource allocation for a UE. This indication may cover multiple subframes. This utilisation can be considered valid until new information is signalled
· An indication from the SgNB to the MeNB of the intended UL and DL resource allocation for a UE. This indication may cover multiple subframes. This utilisation can be considered valid until new information is signalled

· An indication of whether the information is used for single Tx UE coordination, for harmonic interference coordination or for both. This is needed because 
· When the indication applies to single Tx UE coordination all the time-frequency resources in the transmission time interval utilised for UL should be assumed not usable by the receiving node; 
· On the contrary, when the indication is for harmonic interference coordination, but the UE is not a single Tx UE, there is no strict restriction on the receiving node to use resources not utilised by the sending node;
· When the indication is for both single Tx UEs and harmonic interference coordination the receiving node should assume that the transmission time intervals used for UL by the sending node cannot be used, and it should consider the indication on DL resources intended to be utilised when performing DL RRM for the UE
A proposed way to realise the signalling needed is reported below with an example for the SgNB addition preparation procedure.
It needs to be noted that the approach taken in the proposed signalling is one where formatting of the information on intended resource allocation is done with respect to LTE. Namely, the SgNB constructs a pattern of utilised PRBs spanning across subframes, where PRBs and subframes follow the LTE structure. This is done for two reasons:

· Minimise the impact on LTE: The MeNB will not need to understand the time frequency resource structure of the SgNB. The SgNB will format its intended resource utilisation in a way that fits the time frequency resource distribution in LTE.

· Reduce complexity: the time frequency resource granularity of NR can be much finer than in LTE. However, to achieve coordination of resource allocation between LTE and NR it is sufficient to express intended resource allocation in accordance to the coarser structure, i.e. the LTE one.

3
Example of tabular solution description
9.1.X.1
SGNB ADDITION REQUEST

This message is sent by the MeNB to the SgNB to request the preparation of resources for EN-DC operation for a specific UE
Direction: MeNB ( SgNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject


[…]

	MeNB Resource Coordination Information
	
	0..1
	
	Information used to coordinate resources utilisation between MeNB and SgNB
	EACH
	reject

	>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	>UL Coordination Information
	M
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to UL subframes.

The bit string may span across multiple contiguous subframes (maximum 40).

The first position of the UL Coordination Information corresponds to subframe 0 in a radio frame where SFN = 0.
The length of the bit string is an integer multiple of 
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 is defined in TS 36.211 [10].

The UL Coordination Information is continuously repeated.


	
	

	>Resource Coordination Type
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates a type of intended coordination.

First Bit = Single Tx Coordination,

Second Bit = Harmonic Interference Coordination,

Third Bit = Single Tx and Harmonic Interference Coordination.

Other bits shall be ignored
	
	


[…]

9.1.X.2
SGNB ADDITION REQUEST ACKNOWLEDGE

This message is sent by the SgNB to confirm the MeNB about the SgNB addition preparation.
Direction: SgNB ( MeNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject

	SgNB UE X2AP ID
	M
	
	gNB UE X2AP ID

9.2.XX
	Allocated at the SgNB
	YES
	reject


[…]

	SgNB Resource Coordination Information
	
	0..1
	
	Information used to coordinate resources utilisation between SgNB and MeNB
	EACH
	ignore

	>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	>UL Coordination Information
	M
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to UL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the UL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of [image: image5.png]
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 is defined in TS 36.211 [10].

The UL Coordination Information is continuously repeated.


	
	

	>DL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to DL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the DL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of [image: image7.png]
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 is defined in TS 36.211 [10].

The DL Coordination Information is continuously repeated.


	
	

	>Resource Coordination Type
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates a type of intended coordination.

First Bit = Single Tx Coordination,

Second Bit = Harmonic Interference Coordination,

Third Bit = Single Tx and Harmonic Interference Coordination.

Other bits shall be ignored
	
	


4
Other signalling aspects

The above analysis focusses on signalling over the X2, or in general signalling over a peer to peer interface between RAN nodes. However, if one considers that the information on intended allocated resources resides mainly in the MAC layer, it is clear that some signalling support is needed over the F1 interface, where the gNB-DU shall inform the gNB-CU of the intended allocation of resources for a UE as well as being informed of intended allocation of resources in neighbour RAN nodes.
The same information described for signalling over the X2 can be reused over F1. Such information should be included in the following procedures:

· UE Context Setup: this allows the gNB-CU to signal, in a UE associated way, to gNB-DU the intended resource utilisation in other RAN nodes and receive in response the intended resource utilisation of the gNB-DU
· UE Context Modification (gNB-CU initiated): this allows the gNB-CU to signal, in a UE associated way, to gNB-DU eventual modifications of the intended resource utilisation in other RAN nodes and receive in response the eventually modified intended resource utilisation of the gNB-DU
· UE Context Modification Required (gNB-DU initiated): this allows the gNB-DU to signal, in a UE associated way, to gNB-CU eventual modifications of the intended resource utilisation 
Conclusion 2: Signalling of resource coordination information needs to be exchanged over the F1 interface 
4
Conclusions

In this paper it was discussed that a single solution can be achieved to solve both the problem of single Tx capable UEs management and harmonic interference coordination.
The case of X2 signalling to enable EN-DC is taken as the reference case. It was noted that the RNTP IE provides a good model to derive the information that needs to be signalled between MeNB and SgNB.

The following was concluded:

Conclusion 1: The problems of single TX UE handling and harmonic interference coordination can be solved by enabling signalling of time-domain resources on which the network nodes (eNB or gNB) intend to schedule a given UE in LTE UL, NR UL and NR DL, together with an indication of the type of resource coordination intended.
It is proposed to agree to the pCR in R3-174794, which reflects the descriptions in this paper.

It was additionally noted that signalling would be need over the F1-C interface to convey the information needed between the gNB-CU and the gNB-DU, as per following conclusion:

Conclusion 2: Signalling of resource coordination information needs to be exchanged over the F1 interface 
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