3GPP TSG RAN WG3 Meeting #99              












R3-181285
Athens, Greece, 26 February – 1 March 2018
Agenda Item:
10.14.1
Source:
Ericsson

Title:
Description of signaling for LTE-NR resource allocation coordination over X2
Document for:
Discussions & Approval
1. Introduction
At the RAN3ah-1801 meeting, a way forward on LTE-NR coexistence [1] was agreed, based on which the discussion will proceed on subsequent meetings.
This contribution describes the signalling for LTE-NR coordination. The ground principles of the solution are described in R3-181284 [2]. The corresponding CR is the R3-181286 [3], targeting the X2-AP TS 36.423.
2.  Structure of the proposed solution
The proposed solution consists of:

· The newly-defined IEs, indicating resource allocations for control/reference signal and user plane traffic (i.e. data traffic);
· Adding the abovementioned IEs for indication of control/reference signal resources into the existing EN-DC X2 Setup Request/Response and EN-DC Configuration Update messages;
· A newly-defined Class 1 procedure for exchange of resource allocation indications for user plane traffic (i.e. data traffic) between the eNB and gNB.
3.  Resource allocation indications
The proposed solution consists of two levels of signalling:

· The newly-defined Protected Resource Indication IE, used by the eNB to indicate to the gNB the resources allocated for always-on LTE DL control/reference signals;
· The newly-defined Data Traffic Resource Indication IE, used by both eNB and gNB to indicate their desired resource allocations for data traffic.
The eNB and gNB sharing the spectrum shall obtain their full-fledged resource allocation by superimposing the Protected Resource Indication IE and Data Traffic Resource Indication IE. As explained in R3-181284 [2], protection of LTE-DL always-on signals is crucial for LTE-NR spectrum sharing. Hence, in case of conflict between resources indicated in Protected Resource Indication IE and Data Traffic Resource Indication IE, the Protected Resource Indication IE should have priority. 

As explained in R3-181284 [2], both sides shall express resource allocations using the LTE symbol/PRB/subframe structure.
3.1 Protected Resource Indication IE
Protected Resource Indication IE is defined to ensure protection of LTE DL control/reference signal resources. The Protected Resource Indication IE is added to the existing EN-DC X2 Setup Request, EN-DC X2 Setup Response, and EN-DC Configuration Update messages, which are exchanged in the existing EN-DC X2 Setup and EN-DC Configuration Update procedures.
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Figure 1: An example of resource allocation for control and data traffic in LTE resource grid 

(source: http://www.sharetechnote.com/html/FrameStructure_DL.html#RS)
The design of Protected Resource Indication IE is based on the fact that LTE control/reference signals appear in the resource grid in a periodic and deterministic fashion (this does not hold on MBSFN subframes, as will be discussed later). Figure 1 shows an example of resource allocation in LTE resource grid, where the non-white REs correspond to LTE DL control and reference signals. The determinism of each of the four always-on LTE DL signals, the PDCCH, CRS, PSS/SSS, and PBCH, is explained below:

· CRS (black REs) appears in every PRB with an identical pattern. The CRS pattern repeats periodically in both time and frequency (across entire carrier bandwidth). The CRS intra-PRB pattern depends on the number of antennas used in the system.
· PDCCH (brown areas, occasionally overlapped by blue, purple, and black REs, i.e. by PCFICH, PHICH and CRS), occupy the first 1-3 symbols of every regular subframe and first the 0-3 symbols of MBSFN subframes, across the entire carrier bandwidth. The PDCCH is periodic in both time and frequency (a corner case of frequency periodicity, since it occupies the entire carrier bandwidth). 
· PSS/SSS (green and yellow REs) appear in every fifth subframe, and occupy the middle 6 PRBs of the carrier bandwidth. The PSS/SSS is periodic in time and aperiodic in frequency. Frequency aperiodicity is not obvious from the figure above, because the bandwidth of the example from the figure refers to the 1.4 MHz LTE carrier, which corresponds to 6 PRBs, i.e. PSS/SSS span the entire 1.4 MHz carrier bandwidth. For all other LTE carrier bandwidths, the PSS/SSS occupy the middle 6 PRBs. The size of PSS/SSS area is always the same: 2 symbols in time dimension and 6 PRBs in frequency dimension.
· PBCH (turquoise REs) appear every 10 subframes, occupying the middle 6 PRBs of LTE carrier bandwidth. PBCH is always 4 symbols-wide in time domain. The PBCH is periodic in time and aperiodic in frequency.
The signalling solution makes it possible to represent the above signals in two steps:
1.  Defining their intra-PRB pattern (‘footprint’) with symbol-level granularity (i.e. RE-level).

2. Describing the periodicity/aperiodicity of the footprint i.e. how often the footprint appears along the time and frequency dimensions of the resource grid.

The proposed indication mechanism is not limited to the existing always-on LTE control/reference signals. The mechanism is generic and makes it possible to describe other types of LTE control/reference signals as well, since resource mapping of every LTE signal can be analytically described. 

The Protected Resource Indication IE is included in the existing EN-DC X2 Setup Request/Response and EN-DC Configuration Update messages. The tabular for the IE is given in Table 1, followed by the description of every individual field of this IE.

3.1.1 Protected Resource Indication IE description
Table 1: the content of Protected Resource Indication IE

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

	CHOICE Initiating NodeType
	M
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	     >>EUTRA Cell ID
	
	
	ECGI 9.2.14
	
	-
	-

	>en-gNB
	
	
	
	
	
	

	     >>NR-CGI
	
	
	9.2.105
	
	
	

	Protected Resource List
	
	
	
	
	YES
	Ignore

	  >Protected Resource List Item
	
	
	
	
	EACH
	Ignore

	Resource Type
	M
	
	ENUMERATED (downlink, uplink)
	
	-
	-

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


	
	
	

	       >> Protected Footprint Frequency Pattern
	O
	
	BIT STRING(6..110..)
	
	-
	-

	     >> Protected Footprint Time Pattern
	O
	
	
	
	
	

	      >>>Protected Footprint Time-periodicity
	O
	
	INTEGER(1..80..)
	
	-
	-

	    >>>Protected Footprint Start Time
	O
	
	INTEGER(1..20..)
	
	-
	-

	MBSFN Control Region Length
	O
	
	INTEGER(0..3)
	
	
	


The E-UTRA Cell ID or NR-CGI fields of the IE identify the sender of the protected resource message, depending on whether the sender is the eNB or gNB. As explained in R3-181284 [2], as of now, due to legacy reasons, it is the LTE DL always-on signals that need to be protected. 

Protected Resource List – it may be necessary to merge several signal patterns to obtain the final protected resource map. Taking the example from Figure 1, the gNB receiving the coordination message from eNB could calculate the overall pattern of protected LTE DL always-on signals by merging 4 patterns: for CRS, for PDCCH, for PSS/SSS and PBCH. Each of the patterns should be defined in a separate Protected Resource List Item.

Resource Type: whether the resource allocation refers to UL or DL. 
The fields of each Protected Resource List Item are:
Intra-PRB Protected Resource Footprint: this is a bit string of length equal to the number of REs in an LTE PRB, where each bit corresponds to one RE. The string is used to describe the intra-PRB pattern of the signal(s) in question, where bit value ‘1’ means that the RE is occupied by an LTE always-on DL control/reference signal. This string has 84 elements (12 subcarriers x 7 OFDM symbols). For PDCCH example from Figure 1, where the PDCCH region is 2 symbols-wide, the first 24 bits of the bit strinf would have the value ‘1’ (2 columns with 12 subcarriers in each).
Protected Footprint Frequency Pattern: this is a bit string of length equal to the number of PRBs in LTE carrier bandwidth, where each bit corresponds to one PRB. The string is used to describe in which PRBs inside the carrier bandwidth does the Intra-PRB Protected Resource Footprint appear. The bit value ‘1’ means that the Intra-PRB Protected Resource Footprint appears in the corresponding PRB. Consequently, if this PRB is allocated to NR, the NR needs to rate-match around the symbols indicated by the Intra-PRB Protected Resource Footprint. For PDCCH, this string would consist of all ‘1’s, since the PDCCH Intra-PRB Protected Resource Footprint appears in every PRB across the carrier bandwidth. For PSS/SSS in a 20-MHz LTE carrier, the string would be of length 110 (there are 110 LTE PRBs in 20 MHz), where the middle six bits of the string would be equal to ‘1’, since PSS/SSS always appear in the middle 6 PRBs of the carrier bandwidth.
Protected Footprint Time-periodicity: this is an integer, indicating how often in time-dimension does the Intra-PRB Protected Resource Footprint appear. For example, value ‘2’ means that the Intra-PRB Protected Resource Footprint appears in every other PRB in the time-dimension (i.e. every other slot). For PSS/SSS, this value would be equal to 10, since these signals appear every 5 subframes, where each subframe contains 2 PRBs in the time-dimension.
Protected Footprint Start Time: this is an integer, indicating 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 = 0. The value ‘20’ corresponds to the receiving node’s last slot in the receiving node’s radio frame where SFN = 0. In the example from Figure 1, this value for PBCH would be equal to 2, because the PBCH appeared for the first time in the second slot of the frame.
MBSFN Control Region Length: the protected resource patterns are valid in all non-MBSFN subframes, as well as in the MBSFN control region, occupying 0-3 first symbols of every MBSFN subframe. This value is set independently of PDCCH region time-length, and it is therefore necessary to communicate it to the gNB. 
3.2 Data Traffic Resource Indication IE
Data Traffic Resource Indication IEs are exchanged between the eNB and gNB within a newly-defined dedicated Class 1 procedure, named EN-DC Cell-level Coordination. This IE indicates the allocation of resources for data traffic, with PRB granularity. Data Traffic Resource Indication IE is continuously repeated, and it is valid until stated otherwise, or until replaced by a new pattern.
As mentioned earlier, the receiving node merges the resource allocation given in Protected Resource Indication IE with the one given in Data Traffic Resource Indication IE, where the latter has the priority. This implies that, even though a PRB is allocated to the gNB, certain symbols inside the PRB may not be used by the gNB, if they are reserved for LTE DL protected resources. The Protected Resource Indication IE indicates these prohibitions.
The tabular for Data Traffic Resource Indication IE is given in Table 2, followed by the decription of the content of this IE.

3.2.1 Data Traffic Resource Indication IE description

Table 2: The content of Data Traffic Resource Indication IE

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

	Resource Type
	M
	
	ENUMERATED (downlink, uplink)
	
	-
	-

	Data Traffic Resource Indication
	
	
	BIT STRING (6..4400)
	
	-
	-


Resource Type: whether the resource allocation refers to UL or DL. 
Data Traffic Resource Indication: this is a string of length equal to a multiple of the number of PRBs in carrier bandwidth. The multiplying factor depends on the time-length of the resource allocation indication i.e. for how many subframes the resource allocation is valid. The maximum length of agreement is set to 40 subframes. 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’. The bit string may span across multiple contiguous subframes (maximum 40). The first position of Data Traffic Resource Indication string corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.

3.3 MBSFN subframes
According to TS 36.211 [4], LTE non-MBSFN reference/control signals may only be sent in the control region of MBSFN subframes, meaning that the Protected Resource Indication IE is not valid in the non-control region of MBSFN subframes. Consequently, it is necessary that the gNB is aware of the MBSFN subframe transmission pattern. This MBSFN subframe transmission pattern is already a part of the existing E-UTRA Served Cell Information IE. The MBSFN Control Region Length field of the Protected Resource Indication IE is used to indicate the time-length of the MBSFN control region to the gNB.
Proposal: it is proposed that RAN3 adopts the proposed solution and the corresponding CR as a baseline for LTE-NR resource sharing signalling solution. 
4.  Conclusion
Proposal: it is proposed that RAN3 adopts the proposed solution and the corresponding CR as a baseline for LTE-NR resource sharing signalling solution. 
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