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1. Introduction

In the last RAN1 #75 meeting, issues on network coordination/signaling and possible spec impact were mainly discussed and the following agreements were reached.
· Compared to requiring NAICS receivers to detect all interference parameters,  some network signalling/coordination can be beneficial for reducing receiver complexity and/or improve performance with increased robustness under intra-cell and inter-cell interference scenario
· The transmission parameters that can be considered for signalling and that for receiver detection are FFS
· Note that assistance signalling can be different from transmission parameters

· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic
· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three

· Other deployment related parameters may be coordinated or detected.
· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 
· Dynamic coordination may be feasible only under ideal backhaul
· Other potential PHY impact needs further study (e.g., CSI feedback)
Based on the above agreement, we discuss broadcasting dynamic network assistance information from the interfering cell with control channel overhead analysis.
2. Discussion
There are several issues on network assistance signaling from what information to be signaled to how to signal it. In the following subsections, we share our view on those issues one by one and suggest possible frameworks for broadcasting dynamic network assistance information from an interfering cell.
2.1. Which cell provides network assistance information?
Since a control channel is already established between a victim UE and its serving cell, it seems natural for network assistance information (NA information) to be signaled from the serving cell. However, information exchange can be restricted by backhaul assumptions for some cases. For example, in NAICS scenario 1 and 2a, all inter-site X2 signaling is subject to the non-ideal backhaul latency, which means that interference parameters to be shared with a victim UE should be determined as much earlier as at least backhaul latency. Obviously, it can result in scheduling restriction on interfering cells and performance degradation of the interfering cells. 

Therefore, it is reasonable for the interfering cell to provide dynamic NA information, which can change subframe by subframe due to scheduling of interfering cell. On the other hand, semi-static NA information should be given by the serving cell because those are robust to backhaul latency. NA information for symbol level NAICS is categorized as semi-static and dynamic one as follows:
· Semi-static NA information: cell ID, MBSFN subframes, CRS antenna ports, PB, ZP-CSIRS configuration, and CSIRS configuration

· Dynamic NA information: resource allocation, transmission scheme, PMI, RI, DMRS ports, nSCID, modulation order, CFI, PA
In section 2.2, we further discuss which interference parameters in dynamic NA information needs to be signaled.

Proposal 1: the serving cell of victim UE should provide semi-static NA information through RRC signaling, and the interfering cell should provide dynamic NA information through PDCCH/ePDCCH.
2.2. What dynamic NA information should be signaled?
Based on the feasibility of blind detection and network coordination, it should be decided what interference parameters categorized as dynamic NA information are signaled. RAN 4 studies the possibility of blind detection in consideration of complexity and reliability and in our link level simulation results [1], we observe that blind detection is not reliable in case of two interference layers. In summary of the results, when interference layers are 2, BD for 16 QAM and 64 QAM and BD for 2 ports PMI are not reliable so that noticeable performance gap between genie-aided and BD is observed. In [2], we also discuss network coordination and suggest possible coordinated parameters such as CFI, PA, and set of rank. Thus, with those in mind, we discuss how to signal dynamic NA information except CFI and PA in section 2.3.
Proposal 2: PMI and modulation order should be signaled and CFI and PA can be semi-statically coordinated, and other dynamic NA information should be signaled unless BD is feasible.
2.3. How to broadcast dynamic network assistant information from the interfering cell?

Basically, the interfering cell transmits multiple assistance DCIs (A-DCI) containing dynamic NA information and all victim UEs suffering strong interference from the cell try to decode them. In this section, we discuss how to design the A-DCI and suggest a few alternatives. 

One naive way to design the A-DCIs is to make each of them contain NA information for a single RB or RBG. For example, in 10 RB system, it broadcasts 10 assistance DCIs corresponding to 10 RB, and then each victim UE uses the assistance DCIs corresponding its allocated RB. However, this is not feasible due to too much signaling overhead. Meanwhile, we see the following alternatives are worth considering as A-DCI.
· Alternative 1: A-DCI per NA information type

We can consider assistance DCIs, each of them indicating one type of NA information for whole bandwidth. For example, the interfering cell broadcasts 4 assistance DCIs for symbol level NAICS receivers as shown in Table 1; the 4 assistance DCIs indicate RS type to be used for the interfering cell’s PDSCH demodulation, modulation order for 1st codeword, modulation order for 2nd codeword, and TPMI/DMRS/nSCID, respectively. Note that we assume the interfering cell configures 2 port CRS in Table 1 but in 4 port CRS case, the same A-DCI still can be used except A-DCI 4; the payload size of A-DCI 4 should increase to be able to indicate more precoders.
Table 1. An example of A-DCI for a 2 port CRS interfering cell (Alt 1)
	RBG index
	<A-DCI 1>

RS type 
(1bit per RBG)
	<A-DCI 2>

Modulation order 1
(2bit per RBG)
	<A-DCI 3>

Modulation order 2
(2bit per RBG)
	<A-DCI 4>

TPMI/DMRS port/nSCID
(3bit per RBG)

	1
	CRS
	QPSK
	16QAM
	PMI

	2
	CRS
	QPSK
	2nd codeword disabled
	PMI

	3
	CRS
	QPSK
	QPSK
	OL MIMO

	4
	CRS
	16QAM
	2nd codeword disabled
	TxD

	5
	CRS
	16QAM
	16QAM
	PMI

	6
	DMRS
	16QAM
	64QAM
	SCID, Port

	…
	
	
	
	

	25
	Dummy value
	1st codeword disabled
	2nd codeword disabled
	Dummy value

	Payload 
for 100RB BW
	41
	66
	66
	91


 
To be specific, A-DCI 2 and 3 let the victim UE know interference modulation order and also a disabled codeword as each of them uses 2bits payload per RBG. A-DCI 4 indicates different information depending on configured RS type in A-DCI 1. If RS type is CRS it indicates precoding information. Since each CRS based transmission scheme such as CL MIMO, OL MIMO, and TxD uses different set of precoders, the TPMI contents of A-DCI 4 needs to be extended from conventional TPMI of DCI format 2 such that it can indicate OL MIMO as well. On the other hand, if RS type is DMRS, A-DCI 4 indicates DMRS ports and nSCID. 

Based on the A-DCIs, victim UE can figure out the characteristics of interference colliding with its PDSCH. For instance, after decoding them, the UE can know that single codeword CRS based transmission with QPSK and a particular PMI occurs at RBG 2 and that the interfering cell does not transmit data at RBG 25.

Table 1 also shows the payload size of each A-DCI including CRC 16 bits, in 100RB system. The size of A-DCI 4 seems large compared to conventional DCI formats, e.g., 70bits for DCI format 2 in 100 RB system, so it seems suitable to apply high aggregation level on it. Otherwise, the payload size of A-DCI 4 can be reduced further with such restriction as limiting maximum number of interference layers. 
Alternative 1 is efficient especially when the interfering cell schedules many UEs at the same subframe but it seems not otherwise. That is because the payload size of each A-DCI and the number of A-DCI are fixed regardless of the number of interfering cell’s scheduled UEs. In order to reduce the payload more when few interfering cell’s UEs are scheduled, A-DCI 1 can be extended to 2 bits by adding one more state, which indicates whether or not NA information in RBG n is the same as that in RBG n-1. For example, if a single UE is scheduled in all RBs in the interfering cell, the victim UE is able to know it since the extended A-DCI 1 indicates that NA information in all RBG is the same as that in RBG 1. As a result, A-DCI 2, 3 and 4 only need to contain NA information for RBG 1. In this way, Alternative 1 can reduce PDCCH overhead for A-DCI 2, 3 and 4 significantly when few interfering cell’s UEs are scheduled.
When the interfering cell allocates resources in a distributed manner, different interference characteristic shows in the two slots of a single subframe so that the victim UE needs two set of NA information, causing additional signaling overhead. To address this, the interfering cell lets the victim UE know RBG on which distributed RA applies and provides NA information for just one of the two slots in that RBG. In this way, the UE also can find out NA information for the other slot according to VRB to PRB mapping that gap value and the interfering cell’s bandwidth determine.
However, this A-DCI restricts the scheduling granularity of the interfering cell, which originally has full flexibility to schedule PDSCH on per RB level. Therefore, we need to study further the performance impact of this restriction.

Observation 1: Alternative 1 is efficient especially when the interfering cell scheduled many UEs at the same subframe but leads restriction to the interfering cell due to RBG level scheduling.
· Alternative 2: A-DCI per interfering cell’s PDSCH

In alternative 2, we suggest to design A-DCI per interfering cell’s PDSCH in similar way as conventional DCI. When designing this type of A-DCI, we need to take into count the fact that there are many fields in conventional DCI formats which are not needed for NAICS operation and that these unnecessary fields are determined by a receiver type. Figure 1 shows an example of A-DCI for symbol level NAICS receivers when the interfering cell configures 2 port CRS. 
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Figure 1. An example of A-DCI for a 2 port CRS interfering cell (Alt 2)
In Figure 1, A-DCI 1 contains a compact type resource allocation field, and will be broadcasted when the interfering cell utilizes TxD, a fallback transmission scheme. On the other hand, A-DCI 2 can be used to provide NA information for the rest of other transmission schemes. 2 bits RA header indicates one of type 0, 1, 2 localized, and 2 distributed. The size of RA field, i.e., x2, is calculated in the same way as type 0/1 but field interpretation is different according to RA types. Since the size of type 2 RA field is smaller than that of type 1, remaining bits are zero padded when RA header indicates type 2. Modulation order is defined in the same way as we described in alternative 1; the TPMI/DMRS port/nSCID field indicates both transmission scheme and NA information for channel estimation for the indicated transmission scheme. This field is extended from TPMI field of conventional DCI format 2 by adding more states to indicate OL MIMO, TxD, DMRS port, and nSCID. For example, 8 states of this field are used to indicate PMI for 2 port CRS, OL MIMO, TxD and the other 8 states are used to DMRS port and nSCID.
For instance, if the interfering cell schedules two PDSCH at a subframe and transmit one with the fall back transmission scheme and the other with other transmission scheme, then it broadcasts one A-DCI 1 and one A-DCI 2.
The payload size of A-DCI 1 and 2 are 19+x1 bits and 26+x2 bits, respectively, where x1 and x2 is equal to 
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, respectively. For instance, x1=13 and x2=25 at 100 RB so that A-DCI 1 and A-DCI 2 are 32 bits 51bits, respectively.

Alternative 2 is attractive when the interfering cell schedules few UEs at the same subframe since the number of A-DCI linearly decreases as the number of interfering cell’s scheduled UEs does. Therefore, it is adequate to scenarios like small cells where each cell services few UE and DL traffic occurs occasionally. If the interfering cell schedules so many UEs that all of corresponding A-DCIs cannot be transmitted through PDCCH/ePDCCH, it transmits A-DCI for PDSCH occupying most RBs, first. Also, in contrast to alternative 1, alternative 2 does not put any restriction on scheduling resource granularity of the interfering cell.
However, this A-DCI could not be suitable when the interfering cell receiving PUSCH CSI feedback transmits a single PDSCH with different subband PMI in TM4. To address this case, it can generate multiple A-DCIs for the same PDSCH but more PDCCH resources are required just for indicating the different subband PMIs. 

Observation 2: Alternative 2 leads to few PDCCH overhead when the interfering cell schedules few UEs at the same subframe except the case where the interfering cell receiving PUSCH CSI feedback transmits a single PDSCH with different subband PMI in TM4.

Whether alternative 1 or 2, A-DCI should contain CRC for correction check. While UE specific C-RNTI is used for CRC masking of the conventional DCI, this is not proper since A-DCI is broadcasted to multiple victim UEs. Thus, a new C-RNTI for CRC masking of the A-DCI needs to be introduced, namely NAICS C-RNTI. With NAICS C-RNTI, the interfering cell conducts the CRC masking of A-DCI, and then victim UE performs a blind decoding for the A-DCI with the NAICS C-RNTI that is given by RRC signaling.

Proposal 3: A new C-RNTI for CRC masking of the A-DCI should be introduced and should be given to victim UE by RRC signaling.
Proposal 4: Alternative 1 and 2 should be considered as possible assistance DCI.

2.4. How much PDCCH capacity is available for network assistance signaling?

It is critical to see that control channel capacity is enough for the interfering cell to transmit NA information in addition to conventional DCI. Table 2 shows control channel capacity which can be used to provide NA information for victim UEs or interfering cell’s own DCI for its scheduled UEs. Note that here we assume the PHICH scaling factor is 1/6 and the number of PDCCH OFDM symbols is maximum. For example, in 10MHz bandwidth, the number of available PDCCH with aggregation level 8 is 5 or 4, depending on the number of CRS ports. 

Given that only the remaining CCEs, which are not used to transmit the interfering cell’s DCI, are available for NA information, # of available PDCCH for NA information is actually fewer than Table 2 shows. Here, we see the high aggregation levels considering PDCCH coverage, but lower aggregation level is possible when victim UE suffers from high interference, e.g., UE in CRE region, and when the payload size of NA information that a single PDCCH contains is small.. Furthermore, ePDCCH can be used to broadcast NA information, supplying maximum 32 eCCE per 8RB ePDCCH set. Thus, more PDCCH for NA information could be available. 
In case of small bandwidth such as 10RB, there seems to be not much room for transmitting NA information. As a result, it seems inevitable to set aggregation level lower than 8 in order to generate more PDCCH for NA information. Given that in small bandwidth few interfering cell’s UE is likely to be scheduled at the same time and DL traffic probably occurs occasionally in practice, the A-DCI overhead also lowers as described in section 2.3. With that in mind, we need further study what aggregation level is reasonable in consideration of PDCCH capacity and coverage for signaling NA information from interfering cell.

Table 2. PDCCH capacity according to system bandwidth
	BW

(RB)
	# of available CCE

(2port CRS)
	# of available CCE

(4port CRS)
	# of available PDCCH

(Agg level. 8)
	# of available PDCCH

(Agg level. 4)

	10
	11
	10
	1,1
	2,2

	20
	17
	14
	2,1
	4,3

	50
	43
	37
	5,4
	10,9

	100
	87
	76
	10,9
	21,19


Proposal 5: Further study is needed on what aggregation level is reasonable in consideration of PDCCH capacity and coverage for signaling NA information from interfering cell.

3. Conclusion
In this contribution, we discuss several issues on network assistance signaling, as summarized in the following:
Proposal 1: the serving cell of victim UE should provide semi-static NA information through RRC signaling, and the interfering cell should provide dynamic NA information through PDCCH/ePDCCH. 
Proposal 2: PMI and modulation order should be signaled and CFI and PA can be semi-statically coordinated, and other dynamic NA information should be signaled unless BD is feasible.

Proposal 3: A new C-RNTI for CRC masking of the A-DCI should be introduced and should be given to victim UE by RRC signaling.

Proposal 4: Alternative 1 and 2 should be considered as possible assistance DCI.

Proposal 5: Further study is needed on what aggregation level is reasonable in consideration of PDCCH capacity and coverage for signaling NA information from interfering cell.
Observation 1: Alternative 1 is efficient especially when the interfering cell scheduled many UEs at the same subframe but leads restriction to the interfering cell due to RBG level scheduling.
Observation 2: Alternative 2 leads to few PDCCH overhead when the interfering cell schedules few UEs at the same subframe except the case where the interfering cell receiving PUSCH CSI feedback transmits a single PDSCH with different subband PMI in TM4.
______________________________________________________________________
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