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1.  Introduction

This paper analyses impacts of decisions taken at RAN2#101 on X2 signalling for frequency sharing, and provides a text proposal on top of baseline CR endorsed by RAN3#99 in R3-181570.
2. Discussion
Co-existence of LTE and NR on overlapping spectrum requires LTE-specific awareness of the NR UE enabling it to benefit from the shared spectrum while disregarding DL resources used by LTE-CRS. These resources occupy singular resource elements periodically repeated and spread within the full LTE band-width, and are therefore not directly addressable by the NR DL scheduler. RAN1 has agreed that a method based on rate matching is used to avoid NR DL scheduling in these resources, and the NR UE must as a consequence skip these resources when receiving NR DL transmissions.
For this purpose the following information may be configured in the NR UE (TS 38.331 v15.1.0):

RateMatchPatternLTE-CRS ::=             SEQUENCE {

    -- Center of the LTE carrier. Corresponds to L1 parameter 'center-subcarrier-location' (see 38.214, section 5.1.4)

    carrierFreqDL                           INTEGER (0..16383),

    -- BW of the LTE carrier in numbewr of PRBs. Corresponds to L1 parameter 'BW' (see 38.214, section 5.1.4)

    carrierBandwidthDL                      ENUMERATED {n6, n15, n25, n50, n75, n100, spare2, spare1},

    -- LTE MBSFN subframe configuration. Corresponds to L1 parameter 'MBSFN-subframconfig' (see 38.214, section 5.1.4)

    -- FFS_ASN1: Import the LTE MBSFN-SubframeConfigList

    mbsfn-SubframeConfigList                EUTRA-MBSFN-SubframeConfigList                      OPTIONAL,   -- Need M

    -- Number of LTE CRS antenna port to rate-match around. 

    -- Corresponds to L1 parameter 'rate-match-resources-numb-LTE-CRS-antenna-port' (see 38.214, section 5.1.4)

    nrofCRS-Ports                           ENUMERATED {n1, n2, n4},

    -- Shifting value v-shift in LTE to rate match around LTE CRS

    -- Corresponds to L1 parameter 'rate-match-resources-LTE-CRS-v-shift' (see 38.214, section 5.1.4)

    v-Shift                                 ENUMERATED {n0, n1, n2, n3, n4, n5}         

}

It can be noticed that mbsfn configuration is provided as part of the LTE-CRS information, allowing the NR UE to know that the otherwise regular LTE-CRS pattern is not transmitted in these subframes.
Due to the LTE specific information in the NR RRC IE, that also includes information that was not so far conveyed on X2, a simple solution may be that the eNB encodes the IE and includes it in an X2AP container sent to the en-gNB.

Proposal 1: The eNB encodes the NR RRC IE and includes it in an X2AP container sent to the en-gNB.

The container would have to be interpreted by the en-gNB.

Two options can then be considered for how to transfer the container:
· Option 1: Container included in EN-DC X2 Setup / Configuration Update. 

· Option 2: Container included in the new class 1 procedure.

Option 1 seems best in line with the configuration aspect of the NR RRC IE, where any update would require dedicated signalling towards each RRC-connected NR UE and should therefore be avoided. A further advantage of this approach is to allow for signalling of a “conservative” mbsfn pattern, in the sense that a ‘high’ number of mbsfn subframes are contained within it, and that more dynamic updates are done only within the network using the class 1 procedure. The ‘excess’ mbsfn subframes (declared to the NR UE as mbsfn, but actually used as regular subframes) would in this case be available for LTE scheduling only, but could be quickly reconfigured as mbsfn subframes for use by NR. In order to avoid risk for ambiguous signalling, it seems preferable that the LTE-CRS pattern is not additionally signalled as bitmap but is derived by the en-gNB based on the NR RRC IE.
Option 2 would in principle provide better flexibility but involves RRC signalling. The latter could still be restricted to “big consumers”, e.g. some newly connecting UEs (which would anyway need to be configured using dedicated signalling) or UEs requiring high bandwidth. Massive RRC reconfiguration of the served NR UEs could be avoided in this way. The mbsfn subframe pattern currently part of the class 1 procedure in the BL CR would be redundant with the NR RRC IE when sent by the eNB. This could be resolved by allowing the mbsfn subframe pattern to be sent only from the en-gNB to the eNB. Also, in case of this option, the carrierFreqDL info might have to be added to the EN-DC X2 Setup / Configuration Update procedure unless it can be derived by the en-gNB from the EARFCN.
Proposal 2: RAN3 to choose between options for signalling the NR RRC container from the eNB to the en-gNB.

TP in line with option 1 is provided in annex of this paper. The TP also includes some other clean-up.
3
Text proposal on top of R3-181570
-------------------------------------------Start of Changes-------------------------------------------
9.2.W
Protected E-UTRA Resource Indication

This IE indicates the resources allocated for E-UTRA DL reference and control signals (hereby referred to as protected resources). This information is used in the process of E-UTRA – NR Cell Resource Coordination.

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

	Activation SFN
	M
	
	INTEGER (0..1023)
	Indicates from which SFN of the receiving node the resource allocation is valid.
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	

	

	LTE-CRS Information
	M
	
	OCTET STRING
	Includes the RRC RateMatchPatternLTE-CRS IE as defined in subclause 6.3.2 of TS 38.331 [31].
	
	

	Protected Resource List
	
	1..<maxnoofProtectedResourcePatterns>
	
	The protected resource pattern is continuously repeated, and it is valid until stated otherwise or until replaced by a new pattern. The pattern does not apply in the non-control region of MBSFN subframes. 
	YES
	ignore

	  >Protected Resource List Item
	
	
	
	Each item describes one transmission pattern. A pattern may comprise several control signals.
	EACH
	ignore

	     >>Resource Type
	M
	
	ENUMERATED (downlink non-CRS ,…)
	
	-
	-

	     >>Intra-PRB Protected Resource Footprint
	O
	
	BIT STRING (84,..)


	The bitmap of REs occupied by the protected signal within one PRB. Each position in the bitmap represents an RE in one PRB; value “0” indicates "resource not protected", value “1” indicates "resource protected ". The first bit of the string corresponds to the RE with the smallest time and frequency index in the PRB. The length of the bit string equals the product of [image: image2.png]


 and the length of PRB in time dimension, measured in REs. [image: image4.png]


 is defined in TS 36.211 [10]. FFS: The addition of protected signal resource indication of PRB granularity.
	
	

	       >> Protected Footprint Frequency Pattern
	M
	
	BIT STRING(6..110..)
	The bit string indicates in which PRBs inside carrier frequency the Protected Resource Footprint applies. How often in time dimension this frequency pattern applies, depends on time periodicity of Protected Resource Footprint. The first bit of the bit string corresponds to the PRB occupying the lowest frequencies of the carrier. Each position in the string represents a PRB; value “0” indicates " Protected Resource Footprint does not appear in PRB", value “1” indicates "Protected Resource Footprint appears in PRB". The length of the bit string equals the number of PRBs in the carrier bandwidth. 
	-
	-

	     >> Protected Footprint Time Pattern
	M
	
	
	The description of time periodicity of the Protected Resource Footprint.
	
	

	      >>>Protected Footprint Time-periodicity
	M
	
	INTEGER(1..80..)
	Periodicity with which the periodic Protected Resource Footprint repeats in time-dimension (1= every PRB (i.e. slot), 2=every other PRB (i.e. slot) etc.
	-
	-

	    >>>Protected Footprint Start Time
	M
	
	INTEGER(1..20..)
	The time-position of the PRB inside the frame in which the periodic Protected Resource Footprint appears for the first time. The value “1” corresponds to the receiving node’s slot 0 in subframe 0 in the receiving node’s radio frame where SFN = Activation SFN. 
	-
	-

	MBSFN Control Region Length
	O
	
	INTEGER(0..3)
	Length of control region in MBSFN subframes.  Expressed in REs, in the time dimension. FFS on when this IE should be present.
	
	

	PDCCH Region Length
	M
	
	INTEGER(1..3)
	Length of PDCCH region in regular subframes.  Expressed in REs, in the time dimension. This IE is FFS.
	
	


	Range bound
	Explanation

	maxnoofProtectedResourcePatterns
	Maximum no. protected resource patterns. Value is 16.


------------------------------------------End of Changes-------------------------------------------
�Not needed because the IE is only included in Served Cell Information.
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