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1. Introduction
The document is a summary of the ad hoc discussion on DL-RS (AI 7.3), which took place on Wednesday, Nov. 11. CSI-RS design issues were discussed.
2. Outcome of the discussion of CSI-RS 

The outcome of CSI-RS design issues is summarized as follows.
1. Number of antenna ports for CSI-RS design
Design CSI-RS of 2, 4, and 8 ports. The necessity for the CSI-RS of 2 and 4 ports will be decided later based on their benefit compared with Rel-8 CRS. Design guidelines based on the requirements of CSI-RS of 2, 4, 8 ports are FFS.
2. CSI-RS and Rel-8 CRS configurations

At least 8 CSI-RS and 2-4 Rel-8 CRS are possible configurations.
3. CSI-RS density per PRB pair
Following alternatives are identified for further study.

(a) Number of RE per PRB pair for intra-cell CSI-RS port for 8Tx

Alt1: 8 RE

Alt2: 12 RE

Alt3: 16 RE

(b) Number of RE per PRB pair for intra-cell CSI-RS port for 4Tx 

Alt1: 4 RE:  

Alt2: 6 RE

Alt3 : 8 RE

(c) Number of RE per PRB pair for intra-cell CSI-RS port 2Tx 

Alt1: 2 RE

Alt2: 3 RE

Alt3: 4 RE

Proposal on (a), (b) and (c):

· Study these alternatives for each of (a), (b) and (c).

· Start with 8Tx design.

· Increasing the number of punctured RE with muting (if supported) is FFS.

· Discuss the simulation assumption for further study by the end of Nov. via e-mail (Coordinated by Xiangguang Che, Nokia).
4. Intra-cell CSI-RS multiplexing 
Alt1: Single-subframe

Alt2: Multiple-subframes

Conclusion
Take Alt1 (Single-subframe) as baseline.
5. CSI-RS time domain periodicity

For time domain periodicity, multiple of 5 msec is baseline for further evaluations.

· Exact set is FFS until WI stage.

· Prioritize 10 msec periodicity.

6. CSI-RS mapping

Design CSI-RS mapping pattern while avoiding OFDM symbols with Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and PDCCH (1-3rd OFDM symbol) in the case of normal CP.
3. Chairman notes

7.3   Downlink RS
Chairman notes are captured in blue.

7.3.1 CSI RS design

Email discussion report to be provided by Rapporteur (Tetsushi Abe, NTT DoCoMo)
R1-094963
Summary of e-mail discussion on CSI-RS design
NTT DOCOMO, Inc
CSI-RS  configurations issues (Questions Q9 – Q10 in the e-mail summary)

Discussion points:
· Number of CSI-RS ports per cell (Q10)
· Configuration of Rel-10 CSI-RS and Rel-8 CRS (Q9)

R1-094762
CSI Measurements with Downlink Reference Signal
Texas Instruments

R1-094729
Rel-8 cell-specific RS as CSI-RS for LTE-A
NEC Group
R1-094866
CSI-RS vs. legacy UE operation
Qualcomm Europe

R1-094909
Views on CSI-RS Design Issues for LTE-Advanced
NTT DOCOMO

R1-094783
CSI-RS design for LTE-Advanced
LG Electronics
(Section 3)

R1-094437
On CSI RS design
Ericsson. ST-Ericsson
Conclusions on Q9 and Q10

· (Q10) Design CSI-RS of 2, 4, and 8 ports. The necessity for the CSI-RS of 2 and 4 ports will be decided later based on their benefit compared with Rel-8 CRS. Design guidelines based on the requirements of CSI-RS of 2, 4, 8 ports are FFS.

·  (Q9) At least 8 CSI-RS and 2-4 Rel-8 CRS are possible configurations.

Intra-cell CSI-RS design issues (Question Q1 – Q4, and Q6-7 in the e-mail summary)  

Discussion points:

1. Density (Q1-Q4)

- Number of RE per ports per PRB (Q1)

- Maximum number of RE per PRB (Q2)

- Inter-PRB multiplexing of CSI-RS (Q3)
Alt1:  No: single-subframe w/o FDM

Alt2:  Yes: single-subframe w.  FDM
Alt3:  Yes: multiple-subframe (TDM)

- Periodicity (time domain) (Q4)

2. Mapping to RE (Q6, 7)

R1-094647
Intra-cell CSI-RS design aspects
Nokia, Nokia Siemens Networks

R1-094649
Multi-cell CSI-RS transmission and related impact to LTE Rel'8
Nokia, Nokia Siemens Networks

R1-094704
Further Design and evaluation on CSI-RS for LTE-A
Huawei
(Section 2,3)
R1-094574
Discussion on CSI-RS for LTE-Advanced
Samsung
R1-095007
Further investigation on CSI design for LTE-Advanced
ZTE
R1-094941
Considerations on CSI RS design in LTE_A
Fujitsu
Reformulation of Q2:
Q2a: Number of RE per PRB pair for intra-cell CSI-RS port for 8Tx 
· Alt1: 8 RE

· Alt2: 12 RE

· Alt3: 16 RE

Q2b: Number of RE per PRB pair for intra-cell CSI-RS port for 4Tx 
· Alt1: 4 RE:  

· Alt2: 6 RE

· Alt3 : 8 RE

Q2c: Number of RE per PRB pair for intra-cell CSI-RS port 2Tx 
· Alt1: 2 RE

· Alt2: 3 RE

· Alt3: 4 RE

Proposal on Q2a, b and c:

· Study these alternatives for each of Q2a, b and c.

· Start with 8Tx design.

· Increasing the number of punctured RE with muting (if supported) is FFS.

· Discuss the simulation assumption for further study by the end of Nov. (Coordinated by Xiangguang Che, Nokia).

Intra-cell CSI-RS multiplexing (Q3)

· Alt1: Single-subframe

· Alt2: Multiple-subframes

Conclusion on Q3

Take Alt1 (Single-subframe) as baseline.

Conclusion on Q4

For time domain periodicity, multiple of 5 msec is baseline for further evaluations.
· Exact set is FFS until WI stage.
· Prioritize 10 msec periodicity.

Conclusion on Q7: 

Design CSI-RS mapping pattern while avoiding OFDM symbols with (a) Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and (d) PDCCH (1-3rd OFDM symbol) in the case of normal CP.
R1-094491
CSI RS design considering relay backhaul
ETRI
R1-094783
CSI-RS design for LTE-Advanced
LG Electronics
R1-094547
Important issues concerning CSI-RS for FDD and TDD
CATT

R1-094850
Cyclic Shift Multiplexing for CSI-RS Design 
Motorola

Inter-cell CSI-RS design (Q5, Q8) 

R1-094648
Inter-cell CSI-RS design and performance
Nokia, Nokia Siemens Networks

R1-094704
Further Design and evaluation on CSI-RS for LTE-A
Huawei
(Section 2,3)
R1-094506
Inter-cell CSI-RS design 
Panasonic
R1-094867
Details of CSI-RS
Qualcomm Europe
R1-094728
CSI-RS design for LTE-Advanced
NEC Group
R1-094547
Important issues concerning CSI-RS for FDD and TDD
CATT
R1-094942
Multi-cell CSI-RS design considerations
Fujitsu
R1-094907
Multi-Cell CSI-RS Pattern and Sequence
WOASIS Telecom

R1-094908
Multi-Cell CSI-RS with Network Subband
WOASIS Telecom
R1-094437
On CSI RS design
Ericsson. ST-Ericsson
(Section 2.2)
R1-094992
RS design and network synchronisation
Philips

7.3.2 DM RS for rank 5-8

TP on rank 3-4 pattern

R1-094961
TP for TR36.814 reference signal structure
Rapporteur (NTT DOCOMO)

Orthogonal cover code (OCC) = 2 vs. 4 and RB bundling
R1-094438
Further considerations on Rel-10 DM RS design
Ericsson. ST-Ericsson
R1-094650
Beyond four-layer UE-specific reference symbol design for LTE-Advanced
Nokia, Nokia Siemens Networks
R1-094910
Downlink DM-RS Structure for Rank 5-8 in LTE-Advanced
NTT DOCOMO
R1-094548
Further investigation on DMRS design for LTE-A 
CATT
R1-094751
Investigation for DMRS design of rank5~8
ZTE
R1-094705
DMRS discussion for Rank 5~8
Huawei
R1-094784
DM-RS Design for rank 5-8 
LG Electronics
R1-094869
UE-RS patterns for rank 5-8
Qualcomm Europe
R1-094454
Downlink DM-RS Design Considerations for Rank 5-8 in LTE-A
Research In Motion UK Limited

R1-094575
Discussion on DM-RS for LTE-Advanced
Samsung
DM-RS pattern for rank 3-4 for special subframes, and extended CP

R1-094868
UE-RS patterns for rank 3-4 and extended CP
Qualcomm Europe

R1-094925
On Rel-10 DM RS design for Rank 3-4
Ericsson, ST-Ericsson
R1-094750
DMRS design in extend CP for rank1~4
ZTE

OCC mapping
R1-094507
Joint consideration of DL DM-RS design and codeword-layer mapping for rank over 3
Panasonic
DMRS with SDM

R1-095004 
Further consideration on downlink DM-RS design for rank 5-8 in LTE-Ad[image: image1.png]


















































































































