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1. Introduction

In the last RAN1 #77 meeting [1] and the e-mail discussion [77-21], issues on higher-layer signaling for Network Assistance Interference Cancellation and Suppression (NAICS) for LTE have been discussed. However, there is no clear conclusion on the issues regarding several parameters so the remaining issues should be still discussed. In this contribution, we focus on CSI-RS signaling and QCL signaling. The other remaining parameters are discussed in [2,3].
2. Discussion on higher-layer signaling
2.1. CSI-RS information 
Interfering cell’s CSI-RS information needs to be signaled by RRC considering its usefulness as follows.
First of all, when canceling DMRS based interference, the UE can use QCL relationship with corresponding NZP CSI-RS and improve interfering channel estimation accuracy. We discuss this issue further in the section 2.2.
Secondly, both NZP CSI-RS and ZP CSI-RS information should be signaled for interfering PDSCH RE mapping. Unawareness of interfering PDSCH RE mapping has a negative impact on NAICS performance in two ways: interference amplification and BD performance degradation. 

Without being aware of those, UE would try to cancel PDSCH interference even on NZP/ZP CSI-RS RE, resulting in interference amplification. Particularly, in TDD system where DL subframes exist sparsely, the density of CSI-RS is not probably low enough to ignore. Even if the density is low, TM2 PDSCH-IC is problematic without CSI-RS information. That is because, without knowing it, the UE tries to decode a wrong SFBC pair and fails to demodulate interference. Figure 1 shows a simple example to illustrate it. 
[image: image1.wmf]R

0

R

0

R

1

R

1

R

1

R

1

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

0

R

0

1

2

 

s

u

b

c

a

r

r

i

e

r

s

 

(

1

 

R

B

)

1 

subframe

First slot

Second slot

CRS

PDCCH

(

a

) 

RE usage of Interfering cell

NZP CSI

-

RS

NAICS UE

’

s False 

cancellation 

PDSCH 

(

TM

2

)

R

0

R

0

R

1

R

1

R

1

R

1

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

0

R

0

1

2

 

s

u

b

c

a

r

r

i

e

r

s

 

(

1

 

R

B

)

1 

subframe

First slot

Second slot

ZP CSI

-

RS

(

b

) 

RE usage of Interfering cell


Figure 1
Figure 1 (a) assumes the interfering cell uses 2 port CSI-RS and transmit TM2 PDSCH. According to current specification, the cell transmits nothing in 3rd and 4th symbols in 2nd slot since the number of available REs for PDSCH transmission in each of the two symbols is not even. Without CSI-RS information, the NAICS UE conducts false cancellation in the two symbols, resulting in performance degradation. 
To reduce the false cancellation, the interfering cell can configure ZP-CSIRS additionally as depicted in Figure 1 (b). However, using this kind of eNB implementation cannot fix the problem completely. We can see that, without CSI-RS information, the NAICS UE still conducts false cancellation more than half of REs in the two symbols in this figure due to SFBC pair shift.
In addition, whether CSI-RS information is given to the NAICS UE has an impact on BD performance of interference parameters. Without knowing it, the UE conducts BD on not only PDSCH RE but also CSI-RS RE, but CSI-RS and PDSCH have different interference parameters such as transmit power, modulation order and PMI.

Thirdly, signaling CSI-RS allows UE to find out the strongest interfering TP. For example, in heterogeneous network like CoMP scenario 4, interfering NZP CSI-RS can be used to find the strongest interfering TP, which is not possible with cell specific CRS. 
Furthermore, since signaling CSI-RS does not cause any network restriction, it should be supported.
Proposal 1: Higher-layer signaling on ZP CSI-RS and NZP CSI-RS should be introduced. 
2.2. QCL information
· The need of QCL information

QCL information should be signalled for the performance of interfering channel estimation, which is a basic NAICS capability affecting BD performance and NAICS gain at the end. 
Without this information, it is obvious that a UE cannot find crucial parameters such as delay spread and time/frequency offset, which can be derived from quasi-collocated CSI-RS and which Wiener filter requires. The reason is there is not enough DMRS RE samples to estimate time/frequency offset, delay spread accurately. To be specific, only a single PRB pair is available for frequency offset estimation and just a single subframe is available for time offset estimation.
This has been evaluated and confirmed in Rel-11 CoMP QCL discussion and we don’t expect different result when it comes to the need of NAICS QCL signaling. For better discussion on this issue, it is worth considering the QCL impact in the two aspects: the impact on DMRS channel estimation performance and the impact on NAICS gain. 

When it comes to DMRS channel estimation performance, we do not expect that the QCL impact is different whether it is CoMP UE or NAICS UE since both are located in similar geometry, i.e., cell edge and estimate channel from neighbor TP’s DMRS. 
As for the impact on NAICS gain, we agree few companies evaluate it in RAN 4 until now but, from our understanding, it is obvious that meaningful NAICS gain cannot be achieved without accurate channel estimation. The logic behind this is interfering channel estimation is a very basic function of NAICS and it directly affects BD performance and symbol-level decoding performance. 
Furthermore, without QCL signaling, an additional method of channel estimation needs to be implemented, i.e., time and frequency tracking from DMRS. It adds non-negligible overhead to UE implementation.

· Compatibility among DPS and NAICS QCL signaling
According to the email discussion, the main concern from a few companies seems to be whether it causes a limitation on DPS operation to restrict different TPs to using different VCID+nSCID pairs always. We agree it can limit CoMP operation among 3 TPs, but CoMP operation between two TPs has no problem with this restriction.  With TP specific VCID+nSCID usage, fixed QCL association among VCID+nSCID, CSIRS, and CRS can be semi-statically signaled and there is no ambiguity for a UE to find out the CSIRS quasi-collocated with the detected strongest DMRS.
· QCL information
 QCL assistance information can consist of QCL type, quasi co-located CSI-RS and DMRS, and quasi co-located CRS and CSI-RS. They are highlighted in bold in Figure 1 with proposed CRS, CSI-RS, and DMRS assistance information. 
The reason for introducing QCL type signaling is that the interfering cell can transmit TM 10 PDSCH with QCL type A assumption or type B. For example, if the interfering cell configures TM 10 to its UE for the purpose of just using IMR, not for the purpose of DPS, then it probably indicates QCL type A to the UE for better DMRS channel estimation performance.
If the QCL type is B. CSI-RS is quasi-collocated with the DM-RS with respect to Doppler shift, Doppler spread, average delay, and delay spread. Also, CRS is quasi-collocated with the CSI-RS with respect to Doppler shift and Doppler spread, providing a frequency synchronization reference. If the QCL type is A, CSI-RS, CRS and DM-RS are quasi-collocated with each other with respect to Doppler shift, Doppler spread, average delay, and delay spread.
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Figure 1. Proposed RS assistance information

· Only CRS association with DMRS for QCL signaling
Also, even if QCL CRS is indicated for TM10 interference, time offset and delay spread still cannot be estimated without CSIRS in PCID shared scenario. To ensure NAICS is working in all TM10 deployment scenarios, quasi-collocated CSIRS information should be signaled.
Proposal 2: Higher-layer signaling on QCL assistance information should be introduced for TM 10 PDSCH-IC

Proposal 3: QCL assistance information consists of QCL type, quasi co-located CSI-RS and DMRS, and quasi co-located CRS and CSI-RS.
3. Conclusion
In this contribution, we discussed CSI-RS signaling and QCL signaling for Rel-12 NAICS. Based on the discussion, we made the following proposals:

Proposal 1: Higher-layer signaling on ZP CSI-RS and NZP CSI-RS should be introduced. 
Proposal 2: Higher-layer signaling on QCL assistance information should be introduced for TM 10 PDSCH-IC

Proposal 3: QCL assistance information consists of QCL type, quasi co-located CSI-RS and DMRS, and quasi co-located CRS and CSI-RS.
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