3GPP TSG-RAN WG3 Meeting #98
                                                                       R3-174619
Reno, USA, November 27th - December 1st 2017
Source:
vivo
Title:
 Harmonic interference coordination
Agenda Item:
10.14.3
Document for:
Discussion and Decision
1. Introduction
At RAN3#97bis meeting, based on RAN1 LS on handling of harmonic interference [1], RAN3 has discussed backhaul signaling which include semi-static time and frequency patterns [2].

This paper discusses detail design of time pattern and frequency pattern signaling on X2 for harmonic interference coordination (HIC).
2. Harmonic interference coordination 
The motivation of agreed RAN1 WF [1] is to avoid LTE UL interfering NR DL for specific UE. When NR DL experiences interference from LTE UL, gNB may trigger a harmonic interference handling request to eNB (eLTE eNB) to coordinate between LTE UL and NR DL transmission. This coordination requests eNB and gNB to signal transmission parameters information such as time and frequency pattern.

If in DL NR no longer suffers interference from LTE UL, gNB may send a harmonic interference handling release message to eNB.
2.1. Identification of harmonic UE and UE scheduling

Identification of potential UE self-interference: The victim, i.e. gNB can identify the presence of UE self-interference by implementation, e.g. based on the PDSCH error rate
Observation 1: Identification of UE suffering of harmonic interference is eNB/gNB implementation issue.
Depending on the operator’s strategy, either eNB or gNB can decide the time and/frequency pattern, alternatively, eNB and gNB can negotiate the time and/or frequency pattern:
· Time pattern granularity can be slot for NR and subframe for LTE. For commonality, subframe can be used as the granularity for both NR and LTE.  If the time pattern is applied, eNB and gNB follow the time pattern to schedule the UE in LTE UL and NR DL, respectively.
· Frequency domain pattern granularity can be PRB for both LTE and NR. For commonality, the maximum number of PRBs for NR bandwidth can be applied for both LTE and NR. If the frequency pattern is applied, eNB and gNB follow the frequency pattern to schedule the UE in LTE UL and NR DL, respectively.
The UE scheduling is eNB/gNB implementation and does not require any RRC signaling with UE as agreed by RAN1 [3]:
	DL/UL TDM (to avoid self-interference due to harmonic ) is a network decision on a per-UE basis 
· No RRC configuration signalling is provided to the UE for this purpose (except FFS for the LTE RRC signalling to configure Case 1 HARQ timing)
· UEs can be scheduled for NR or LTE uplink transmission in an arbitrary slot
· UEs can be scheduled for NR or LTE downlink transmission in an arbitrary slot
Observation 2: UE scheduling for harmonic interfere coordination is network decision and no RRC configuration signaling for this purpose is provided to UE.
Observation 3: The pattern coordination for harmonic can be UE specific or UE group specific or cell specific.


2.2. Potential procedure
gNB, as the victim node, may initiate harmonic interference coordination request for the UE(s) and send time or frequency pattern to eNB. 

· The IDs of interfered UE and related cell(s) may be included in the request message.

· After reception of the time pattern, eNB may respond by suggesting its time or frequency pattern which can use to schedule UE(s)
2.2.1. TDM pattern
To support TDM pattern signaling between gNB and eNB, a bit string is used to indicate the intended subframes for NR DL. This bit string can be used to be transmitted from gNB to eNB, and also from eNB to gNB. Each position in the bitmap/ bit string represents a DL subframe, for which value "1" indicates this subframe is intended for NR DL transmission and value "0" indicates this subframe is not intended for NR DL transmission. 
A bit string of size 40 (reuse the ABS pattern for LTE FDD) is used in case that eNB is FDD mode. The first position of the harmonic time pattern corresponds to subframe 0 in a radio frame where SFN mod 4 = 0.
Proposal 1: BIT STRING (SIZE(40)) is used by both eNB and gNB to indicate the intended DL subframes for NR.
2.2.2. FDM pattern
To support FDM pattern between gNB and eNB, a bit string is used to indicate the intended PRBs for NR DL. This bit string can be used to be transmitted from gNB to eNB, and also from eNB to gNB. Each position in the bitmap represents a PRB (first bit represents PRB 0 and so on), for which value "1" indicates this PRB index is intended for NR DL transmission and value "0" indicates this PRB index is not intended for NR DL transmission. LTE minimum channel bandwidth 1.4MHz (6PRB), corresponding 6bits bitmap with 1 bit for each PRB. The maximum number of PRBs for the largest bandwidth for NR is 275 corresponding 275bits bitmap with 1bit for each PRB. The minimum number of PRBs for the smallest bandwidth for NR is still FFS. So BIT STRING ([6]..275, …) is used now and the value in bracket is FFS.
Proposal 2: BIT STRING ([6]..275, …) is used to indicate the FDM pattern between gNB and eNB to indicate the intended DL PRBs for NR.. 
2.3. Potential X2/Xn signaling
Two options for X2/Xn signaling between eNB and gNB can be considered:
· UE associated signaling as described in [4] and  [5]
· In case few UEs are affected by harmonic interference, UE associated signaling can be considered. 

· Non- UE associated signaling as described in [6] and  [7]
· In case many UEs are affected by harmonic interference, non-UE associated signaling can be avoid backhaul signaling burden.
Proposal 3: RAN3 is kindly asked to discuss the above draftCRs and endorse UE associated signalling or non-UE associated signalling procedure CRs for harmonic interference coordination.
3. Conclusion
In this contribution, signaling for harmonic interference coordination solutions are discussed. The paper concludes with following observations and proposals:
Observation 1: Identification of UE suffering of harmonic interference is eNB/gNB implementation issue.
Observation 2: UE scheduling for harmonic interfere coordination is network decision and no RRC configuration signaling for this purpose is provided to UE.

Observation 3: The pattern coordination for harmonic can be UE specific or UE group specific or cell specific.
Proposal 1: BIT STRING (SIZE(40)) is used by both eNB and gNB to indicate the intended DL subframes for NR.

Proposal 2: BIT STRING ([6]..275, …) is used to indicate the FDM pattern between gNB and eNB to indicate the intended DL PRBs for NR. 
Proposal 3: RAN3 is kindly asked to discuss the above draftCRs and endorse UE associated signalling or non-UE associated signalling procedure CRs for harmonic interference coordination.
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