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1 Introduction

This document provides a summary of the email discussions after RAN1#60bis on CSI-RS design, containing the following aspects:
· Available resource elements for CSI-RS location
· CSI-RS Pattern
· Reuse factor per subframe for 2,4,8 ports
· Necessary signaling
The companies that participate the email discussions include: 

ALU/ASB, Huawei, LG, Nokia, Nokia Siemens Networks, ZTE, Panasonic, CATT, Motorola, Texas Instruments, Samsung, CATR, RIM, DOCOMO, Pantech, CMCC, QUALCOMM, HTC, Fujitsu, Ericsson
Based on the email discussion summary, some consensus are identified for RAN1 approval, and some issues are highlighted for more detailed discussions in RAN1 #61.
2 Discussion

The responses from the participating companies are listed in Appendix, keeping the colorful fond picked by different companies. This section tries to give brief summaries and identify the consensus and important issues for detailed discussion in RAN1.
It is noted that the OFDM symbol index in this session is counted from 0 to 13 for normal CP, and 0 to 11 for the extended CP.
2.1. Available resource elements for CSI-RS location

Referring to the responses listed in Appendix A.1, most companies agree on different CSI RS locations for nomal CP and extended CP. Some companies think that it should be possible for CSI-RS to avoid antenna port 5. Some other companies think that it is better for CSI RS location to be fixed without additional configurability. There is a suggestion to focus the discussion on the available resources. Some highlights are as below:
(a) Whether it is variable according to different network configurations (e.g. normal CP or extended CP, w./w.o. port 5, reuse factor, number of CRSs, etc.)?

i. The available resource elements are different for normal CP or extended CP.
· Support: Huawei, ZTE, Panasonic, Samsung, CATR, RIM, Pantech, CMCC
(b) The minimum of available resources (or should be possible to put CSI-RS only in the minimum set)?
i. For Extended CP: 
· OFDM symbol #8 (counting from 0): 

· ALU/ASB, Huawei, CATT, Motorola, CATR, DOCOMO, Ericsson, Nokia/NSN, Motorola, Texas Instruments, DOCOMO, Pantech

ii. For Normal CP: All of companies agree OFDM symbol #10 is available for CSI-RS
· OFDM symbol #9 is not in the minimum set, which is equivalent to the possibility of avoiding antenna port 5:

· Yes: ALU/ASB, Huawei, CATT, CATR,CMCC, Ericsson, ZTE

· No: Nokia/NSN, Texas Instruments, Pantech

· Neutral: Motorola, DOCOMO,

(c) The maximum of available resources that can be configured for CSI-RS ports?
i.  All the companies support: avoid the present control region (PCFICH/PDCCH, SCH, PBCH) and CRS, R9/R10 DM-RS.

ii. CSI-RS is possible to map to the OFDM symbols that contain CRS port 2&3 if no port 2&3 configured in the system:

· Yes: Huawei, CATR, Ericsson, QUALCOMM
· No: RIM

iii. CSI-RS is possible to map to the OFDM symbols that contain R9/R10 DM-RSs:

· Yes: CATR, DOCOMO, Ericsson, CMCC
· No: Huawei, Pantech, Fujitsu
iv. CSI-RS is possible to map to the 2nd OFDM symbols (counting from 0 to 13), i.e. CFI<=2 for CSI-RS subframe:

· Yes: Huawei, Nokia/NSN (possible for extended CP), Pantech (possible for extended CP), DOCOMO (possible for normal CP)
· No: Qualcomm, Ericsson

Rapporteur proposes following:
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2.2. CSI-RS Pattern
The related responses are given in Appendix A.2. Almost all companies think that it is preferred to have a common pattern for different configurations as much as possible. However, as different resources might be available for normal and extended CP, minor differences or adjustments might be needed.
(a) Whether to have a common pattern for different network configuration, e.g. normal CP & extended CP, FDD& TDD, normal subframe & MBSFN subframe)?
i. All of companies agree to have a common pattern for Normal Subframe and MBSFN subframe.
ii. Common multiplexing scheme for different network configuration, (e.g. normal CP & extended CP, FDD& TDD, normal subframe & MBSFN subframe): 

· Common multiplexing scheme for different network configuration: ALU/ASB, Huawei, LG, Nokia/NSN, CATT, Motorola, Texas Instruments, CATR, RIM, , Ericsson
· Different adjustment may for normal CP & extended CP: ZTE, Panasonic, Samsung, DOCOMO, Pantech, CMCC, HTC, Fujitsu
· Different pattern may be acceptable for FDD/TDD: Panasonic, Samsung
(b) What is the prefered multiplexing method among multiple CSI-RS ports within one cell? (FDM, FDM+CDM, CSM, etc)?
· FDM: 

· PRB boundling-based FDM: ALU/ASB

· If 9dB power boosting is acceptable: Huawei, Texas Instruments, CATR, CMCC, QUALCOMM, Fujitsu
· CDM:
· CSM+FDM: CATT (if 9dB power boosting is acceptable), CATR

· CSM: Motorola

· FDM+TDM: Samsung, Pantech

· CDM+FDM:

· If power boosting limit is 6dB: Huawei, LG, Nokia/NSN, ZTE, Panasonic, Texas Instruments, RIM, DOCOMO, Pantech, QUALCOMM, Ericsson, HTC, Fujitsu
Rapporteur proposes following:
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2.3. Reuse factor per subframe for 2,4,8 ports
The related responses are given in Appendix A.3. Most companies think reuse factor should be configurable according to specific network scenarios such as number of CSI RS ports, available resource, etc. Most companies agree that large reuse factor is preferred for 2/4 ports to obtain appropriate benefits.
i. Whether a fixed reuse factor should be used for all the potential network scenarios?

· Yes: ALU/ASB, Samsung
· No:  Huawei, LG, Nokia/NSN, ZTE, Panasonic, Texas Instruments, CATT, Motorola, CATR, Samsung, RIM, DOCOMO, CMCC, Pantech, QUALCOMM, HTC, Fujitsu, Ericsson
ii. High reuse factor should be configurable for 2 or 4 ports (>=9 for 2 port, >=6 for 4 port or even higher):Huawei, Nokia/NSN, Motorola, Texas Instruments, ZTE, Samsung, Pantech, DOCOMO, CMCC, Fujitsu, Ericsson 

· Fixed reuse factor (6) for 2/4/8 ports: Samsung 

· Reuse factor determined by a fixed available resources and number of antenna port: Nokia/NSN, Texas Instruments
· Maximum 9 for 2 or 4 ports: Huawei
· Maximum 6 for 8 ports: ZTE
Rapporteur proposes following:
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2.4. Necessary signaling 
The related responses are given in Appendix A.4, mainly on the potential CSI-RS subframes and signalings. The signaling is closely dependent on the above issues, thus suggest to discuss afterwards, Below are the summary of the responses:
(a) What are the potential locations of CSI-RS, including subframe index, frequency shift, OFDM symbol shift, etc.?

i. All DL subframe in FDD/TDD, MBSFN/normal subframes: Huawei, Samsung
ii. CSI-RS should avoid some DL subframes:
· Avoid DL subframes containing SCH/PBCH: 
· ALU/ASB, LG, Nokia/NSN, ZTE, Panasonic, Motorola, Texas Instruments,  CATR,  RIM, DOCOMO, Pantech, CMCC, QUALCOMM, HTC, Fujitsu, CATT (not for TDD)

· Avoid DL DwPTS  subframes:
· Yes: ALU/ASB 

· Potential CSI-RS subframe & FFS: Huawei, LG, Nokia/NSN, Motorola, Texas Instruments, Samsung, RIM, Pantech

iii. CSI-RS should avoid paging subframe:

· Avoid all the potential paging subframe (#0/4/5/9 subframe): 
· ZTE

· Avoid the configured paging subframe in the network: 
· Huawei, CATR, DOCOMO, CMCC, QALCOMM, HTC
(b) Implicit signaling or explicit signaling of each index (subframe, frequency shift, OFDM shift, etc.), and the association to the cell id?

i.   Support subframe shift:
· Yes : Huawei, Ericsson
· No:  Nokia/NSN, CATT 
ii. Explicit signaling is needed, which related to the variability of reuse factors:
· Yes : Huawei, ZTE, Panasonic, Samsung, Motorola, RIM, DOCOMO, CMCC, HTC, Ericsson
· No:  ALU/ASB (cell-id & SFN), Nokia/NSN (cell-id), CATT (cell-id), Texas Instruments (cell-id & #CSI-RS ports) 

· FFS : LG (independent from SFN), Pantech 
Rapporteur proposes following:


[image: image4]
A. Appendix: Email Discussions
A.1 Available resource elements for CSI-RS location

A.1.1 (a) Whether it is configurable according to different network configurations (e.g. normal CP or extended CP, w./w.o. port 5, reuse factor, number of CRSs, etc.)?

	ALU/ASB
	The CSI-RS location should be determined to avoid the collision with CRS and Rel-9/10 DM RS ports except antenna port 5.  The CSI-RS should be cell specific with consideration of inter-cell measurements.   The configuration of CSI-RS could be coordinated  

	Huawei
	The CSI-RS locations (i.e. occupied REs) should be network configurable, according to the number of CRSs, with or without port 5, normal CP or extended CP, etc. We agree with ALU that the CSI-RS should be cell specific with consideration of inter-cell measurement, and could be coordinated as well.

	LG
	We prefer the fixed CSI-RS pattern in a cell regardless of the network configurations as much as possible. Therefore, the CSI-RS pattern not colliding with Rel-8 CRS, and Rel-9/10 DM-RS needs to be defined and used all the case.

	Nokia, Nokia Siemens Networks
	We prefer no additional configurability and CSI-RS locations should be fixed, according to cell ID. We believe that having configurable CSI-RS locations according to different network configurations might lead to unnecessary complexity. Muting, if specified, could be configured on/off.

	ZTE
	The CSI-RS location could be different between normal-CP and extended CP; on the other hand, the CSI-RS location should be the same rergardless of CRS configuration so that UE does not need to know the CRS configurtion (say number of CRS ports) of every cell in the CoMP measurement set. As a thumb of rule, the available resource may be configurable according to differrent network configurations, if such difference would not result in more signaling; otherwise, it should not be configurable.

	Panasonic
	It is preferable to have configurability at least on normal/extended CP and reuse factor. Other cases would be supported as well if necessity of such flexibility is common view even with corresponding standardization and/or test effort. 

	CATT
	CSI-RSs locations should be fixed and tied with some system parameters. CSI-RS placement should avoid the OFDM symbols containing Rel-8 CRS, Rel-9/10 DMRS, Rel-8 DRS and 3 PDCCH symbols 

	Motorola

	Muting (if agree to the need) and transmission periodicity (5x ms) of CSI-RS subframes may need eNB configuration. Cell-id based CSI-RS locations (within a subframe) can be considered as a natural extension from Rel-8. The pros and cons of having additional configurability of CSI-RS locations within a subframe needs further study. The decision on configurability should not complicate UE CSI-RS channel estimation.

	Texas Instruments
	We prefer a cell-ID based intra-cell CSI-RS location (similar to Rel-8 CRS). Before specifying whether CSI-RS RE muting is configurable, alternative possibilities based on CRS muting should be studied further. We do not believe there is any requirement for additional configurability

	Samsung
	CSI-RS should be transmitted avoiding the control region, CRS, and DM-RS. Obviously we cannot have the same CSI-RS pattern or location for the normal-CP case and the extended CP case due to different constraints. Although the CSI-RS pattern and location can be different for normal CP and extended CP, it should not change as a function of the number of CRS ports or maximum number of DM-RS ports, etc. In other words, while the CSI-RS pattern and location can be different for the normal and extended CP cases, we prefer to have it fixed.

	CATR
	We think CSI-RS locations could be configurable such as normal CP/extended CP, with/without antenna port 5, different numbers of Tx antenna ports.

	RIM
	The location of CSI-RS for a cell could be different for different network configuration, e.g. normal CP versus extended CP, presence of low power nodes, reuse factor  etc. If configurable, we prefer not to incur too much signaling overhead.

	DOCOMO
	Fixed multiple orthogonal (non-overlapping) sets of CSI-RS can be defined per PRB.  It might be beneficial for network operates if limited sets of CSI-RS can be configured, where the configuration may be done by implicitly or explicitly

	Pantech
	We think that Cell-id based CSI-RS location (within a subframe, similar to Rel-8 CRS) is more attractive approach. We also think that CSI-RS should be transmitted avoiding the control region, CRS, and OFDM symbols containing DM-RS. Furthermore, the CSI-RS location and/or pattern can be different for normal CP and extended CP as DL DM-RS. However, it is preferable to avoid unnecessary complexity by making sure that the CSI-RS location and pattern should not change with the number of CRS ports and/or DM-RS ports.  

	CMCC


	Considering the avaiable resource is different when network configuration is different, e.g, normal CP/extended CP, with/without port 5,  we think it important to have the configurability to reduce the restriction of network deployment and network scheduling. As to the configurability of reuse foctor, we think it dependent more on the whether muting or not, i.e., in no muting case, the reuse factor should be transparent to UE regardless of reuse factor adopted in the network planning, to the contray, in muting case, it should be indicated to the UE.

	QUALCOMM
	We think that configurability should be limited to the eNB signaling a CSI-RS resource ID, which is picked from a large set of possible resources covering all possible network scenarios

	HTC
	To avoid the restriction on network scheduling and deployment, we have the similar view as ALU and Huawei. We consider network configurability and coordination of CSI-RS is necessary, w/o the muting.

	Fujitsu
	It is preferred that CSI-RS location should avoid colliding with PDCCH symbols, Rel.8 CRS, Rel.9/10 DM-RS except Rel.8 DRS. We also prefer to have fixed CSI-RS location regardless of CRS and DM-RS configuration, PDCCH configuration, etc. 

	Ericsson
	The CSI RS transmission should avoid the control region (first three or four OFDM symbols depending on system bandwidth) and the OFDM symbols where Rel-8 CRS are present. In this sense the possible resources do depend on the cell configuration since e.g. 4 Rel-8 CRS are not always being configured. But we stress that these extra resources are only available by translating a single fixed base pattern – they should not be used for creating specifically tailored patterns as the number of options would really increase


A.1.2 (b) The minimum of available resources for 2, 4 and 8 CSI-RS ports?

	ALU/ASB
	The 11th OFDM symbol for normal CP(1~14 OFDM symbols) and the 9th OFDM symbol for extended CP (1~12 OFDM symbols).

	Huawei
	Agree with ALU as well. If counting OFDM symbol (OS) index from 0~13, the minimum set of resource elements should be OS #10 for normal CP, OS #8 for extended CP.

	LG
	we are not sure whether it is meaningful to define minimum and maximum of available resource because this discussion is only worthwhile when the CSI-RS pattern is configured dynamically. I think it would be better which resources can be used universally and the pattern is designed within those resources. In that sense, the available resources for CSI-RS can be the PDSCH REs in the OFDM symbols not containing Rel-8 CRS. In addition, the location of antenna port 5 can be also used.

	Nokia, Nokia Siemens Networks
	Rather than minimum/maximum available resources one should agree first on which resources are overall seen as usable for CSI-RS. Two OFDM symbols are needed. For normal CP, available OFDM symbols are 9 and 10 (with indices 0,…,13). For extended CP, OFDM symbol 8 is available. Two options are possible in this case : 1) Limit the PDCCH region to two symbols in CSI-RS subframe, 2) Use symbols 7 and 8, shifting the CSI-RS pattern with the same shift as CRS.

	ZTE
	We are also not clear whether it is very useful to determine min/max resource amount for CSI-RS, especially without agreed resource consumption condition under which CSI-RS will be allocated. For example, we agree with ALU/ASB and Huawei that the OS#10 in normal CP is free for CSI-RS allocation all the time, but just think the RE's not used by DMRS in OS#5 and OS#13 could fall into the same catergory.

	Panasonic
	-

	CATT
	The question here should not be minimum or maximum available resources, it should be fixed in a subframe; OS 10 (with OS indexed 0 through13) for normal CP and OS 8 for ECP case 
  

	Motorola

	If all 8 ports need to be on one symbol, it is obvious that for normal CP, symbol -10 (index from "0") is the only symbol without any RS. If no port #5, symbol-4&9 become available. If no CRS port #2&3, symbol-8 is available. If it is MSBFN subframe, symbol-4,7,&10 are also available (or when CSI-RS and CRS can coexist on the same symbol). Additional REs may also be possible on symbols with URS port 7~10. For extended CP, symbol-8 is available at least and additional REs are FFS. If CSI-RS locations are not configurable, for normal CP, OFDM symbols 9, 10 can be considered to be available (counting from 0).

	Texas Instruments
	Normal CP : Minimum of 2 symbols namely OFDM symbols 9 and 10 (indexing from 0)

Extended CP : Minimum of 1 symbol namely OFDM symbols  8 (indexing from 0).

	Samsung
	We too see no clear benefit in determining min/max resource for CSI-RS given the fact that it is not a dynamically allocated signal. Rather than that, the determination of which OFDM symbol to use or not to use seems to be more meaningful. We believe the following locations should not be used for CSI-RS transmission: control region, OFDM symbols for CRS, and REs that can be used for Rel 9, 10 DM-RS. Other than the mentioned locations, CSI-RS can be transmitted on all other locations. The principle applies for both the normal and the extended CP case.

	CATR
	Agree with ALU/ASB and Huawei.

	RIM
	It is not clear to us the definition and purpose of minimum available resources for CSI-RS ports. It would be better to first agree on which REs are usable for CSI-RS, e.g. REs not containing control region,CRS and DM-RS.

	DOCOMO
	We guess that the “minimum” RE discussion here is related to a CSI-RS pattern design. 

Alt1:

Normal CP: 10-th OFDM symbol (counting from 0)

Extended CP: 8-th OFDM symbol  (counting from 0) 

 In this case, one CSI-RS pattern needs to be constrained to one OFDM symbol

Alt2: 

  Normal CP: 9-th and10-th OFDM symbols (counting from 0)

Extended CP: 8-th and possibly 7-th (cf., Nokia/NSN comments) OFDM symbol  (counting from 0)

    In this case one CSI-RS pattern can span 2 OFDM symbols.



	Pantech
	We think that it is not necessary to define min/max of available resource for CSI-RS due to the fact that it is not a dynamically allocated signal. We think that two OFDM symbols are needed for CSI-RS. Therefore, available OFDM symbols are 10th and 11th (index from "1st") for normal CP case. For extended CP case, OFDM symbol 9 (index from "1st") is available. AS Nokia's view, some options (limit the control region or CRS ports, etc) are possible for extended CP case.

	CMCC
	according to the discussion in previous meeting, the resource in each subframe can be categorized to 

R1. REs in OFDM symbols containing CRS

R2. REs in OFDM symbols maybe occupied by PDCCH

R3. REs in OFDM symbols containing R8 DRS

R4, REs in OFDM symbols containing R9/10 DMRS

R5. REs in residual OFDM symbols, e.g., OS 10 (0..13) for normal CP and OS 8 (0..11) for extended CP 

considering maximizing the network scheduling flexibility and no sacrificing more of the experience of maximum UE in differnet stage, we think the minimum avaiable resource can be R4 + R5. 

	QUALCOMM
	We think that it is sufficient to define a maximum set. A minimum desired set size is worthwhile to consider as a design goal but anyhow all  resources that can be utilized should be made available

	HTC
	To define the maximum and minimum resource for CSI-RS, which resource are available and complexity V.S. requirement of performance should be clarified first (even though we all have those in mind). Maintaining certain level of complexity is important.

	Fujitsu
	We share the same view that rather than to determine the minimum and maximum available resources, it’s better to firstly attain the agreements on which OFDM symbols are usable for CSI-RS, for example, OFDM symbols not containing control channel, CRS and DM-RS.

	Ericsson 
	Just as Nokia and Samsung we also see it as more useful talking about which resources that are available rather than implicitly discussing this via min/max resources.


A.1.3 (c) The maximum of available resources that can be configured for CSI-RS ports?

	ALU/ASB
	The 11th OFDM symbol for normal CP(1~14 OFDM symbols) and the 9th OFDM symbol for extended CP (1~12 OFDM symbols).

	Huawei
	The maximum set of resources for CSI-RS ports configurable in the spec may consider different network configurations for different scenarios. For example, in addition to OS#10 for CSI-RS for normal CP: 
    - the CSI-RS subframe may set CFI to 2 (2 OFDM-symbols for PDCCH) , where OS#2 (0~13 OSs) can be configurable for CSI-RS mapping. 
    - when R9/R10 UEs are mandatory UEs in the network, antenna port 5 may not be necessary scheduled in CSI-RS subframe, where OS#3 and #9 can be configurable for CSI-RS mapping. 
    - if the network only configure CRS port 0 & 1, the OFDM symbols of port 2&3 can also be configured for CSI-RS mapping.

	LG
	-

	Nokia, Nokia Siemens Networks
	See our answer at point b).

	ZTE
	 In case of normal-CP subframe, the maximum number of RE per PRB available for CSI-RS is 60, which covers REs in PDSCH region (assume 3 symbols for PDCCH) but excluding REs for DMRS or REs in CRS symbols. We propose this number as the universal upper-bound of availabe RE's for CSI-RS in normal-CP subframe.

	Panasonic
	At least for FDD normal CP case, possible OFDM symbols are #3, #9 and #10. This may be increased if the symbols for Rel9/10 DMRS are allowed for CSI-RS mapping. The agreement of absolute synchronization of the relay and if CSI-RS is inserted agnostic to the backhaul usage for UE, more configurability would be required but FFS.

	CATT
	same as in b

	Motorola


	See comments/view on previous point b). Maximal available resources depend on the presence of other RS. A desirable reuse factor will affect whether to allow CSI-RS to exploit all possible resources, and thus relating to the location configurability question

	Texas Instruments
	Normal CP : Maximum of 2 symbols.

Extended CP : Maximum of 2 OFDM symbols -- For extended CP, since only one symbol (OFDM symbol 8) is freely available for CSI-RS transmission, inter-cell interference avoidance may not be possible especially with 8 TX antenna ports. As suggested by Nokia, NSN, symbol 8 could be used for multi-cell CSI-RS transmission.

	Samsung
	Please see our response to point b)

	CATR
	For normal CP, the maximum of available resources that can be configured as CSI-RS are 3 symbols(including OFDM symbol 3,9,10 of 0~13 OFDM symbols) and REs not used by DMRS in 5, 6,12 and 13 OFDM symbols.

	RIM
	To reduce complexity, we prefer not to have too many different choices for the maximum set of resources available for CSI-RS. For example, even though the network may have only two CRS ports, from CSI-RS resources perspective, the symbols corresponding to all four CRS ports are considered unusable.

	DOCOMO
	We guess that the “maximum” RE discussion here is related to increasing the reuse factor by time domain CSI-RS pattern shifts.

-    Normal CP : 3rd OFDM symbol,  5-th and 6-th OFDM symbol except Rel-9/10 DMRS REs, 9-th OFDM symbol, 10-th OFDM symbol, 12-th, 13-th OFDM symbols except Rel-9/10 REs (Counting from 0)

-    Extended CP: 4-th and 5-th OFDM symbol except Rel-9/10 DMRS REs, 8-th OFDM symbol, 10-th and 11-th OFDM symbol except Rel-9/10 DMRS REs (counting from 0)

	Pantech
	As mentioned in Question 1-b), it would be better to decide firstly which OFDM symbols are usable/unusable for CSI-RS and how many symbols are needed for CSI-RS. We think that the unusable symbols for CSI-RS are control region, OFDM symbols for CRS, and OFDM symbols containing Rel-9/10 DM-RS. Furthermore, we also think that two OFDM symbols are more suitable for CSI-RS, because only one OFDM symbol could not be enough for inter-cell pattern design within a subframe to avoid inter-cell interference (especially 8Tx case).

	CMCC
	according to the discussion in previous meeting, the resource in each subframe can be categorized to 

R1. REs in OFDM symbols containing CRS

R2. REs in OFDM symbols maybe occupied by PDCCH

R3. REs in OFDM symbols containing R8 DRS

R4, REs in OFDM symbols containing R9/10 DMRS

R5. REs in residual OFDM symbols, e.g., OS 10 (0..13) for normal CP and OS 8 (0..11) for extended CP 

considering maximizing the network scheduling flexibility and no sacrificing more of the experience of maximum UE in differnet stage, we think the minimum avaiable resource can be R4 + R5. As to the maximum availble resource, we think it depend on the what kink of restriction will be done in the network. 

	QUALCOMM
	We believe that there is minimal complexity impact of using a "large" maximum set.  The symbol index should not matter much in the CSI estimation complexity.  There is some testing impact for both CSI calculation and PDSCH rate matching but we don't see this as significant. 
Proposed pattern given in contribution R1-102757.  We prefer utilizing all available resources in the 4th, 6th, 7th, 10th, 11th, 13th, 14th symbols for normal CP

	HTC
	Same as answer b)

	Fujitsu
	see answer in b)

	Ericsson 
	Please see our answer in point b)


A.2  CSI-RS Pattern
We are still waiting for the LS answer from RAN4 on the power boosting limit, but some initial discussion can be done anyway.
A.2.1  (a) Whether to have a common pattern for different network configuration, e.g. normal CP & extended CP, FDD& TDD, normal subframe & MBSFN subframe)?

	ALU/ASB
	Our preference is to have common pattern for different network configurations.

	Huawei
	Agree to have common pattern with configurable time-domain & frequency shift is preferred for normal CP & extended CP, FDD& TDD, normal subframe & MBSFN subframe, to simplify the signaling design as well as the UE implementation.

	LG
	In general, we prefer the common pattern regardless of the subframe type and duplex mode. However, the pattern could be slightly different between normal CP and extended CP although multiplexing scheme is kept as the same since the available resources are different.

	Nokia, Nokia Siemens Networks
	Our preference is to have a common pattern for different configurations as much as possible. However, as different resources might be available for normal and extended CP, minor differences or adjustments might be needed.

	ZTE
	Here there should be two separate questions. 
 - First, whether there should be one common "per -cell" pattern even under the same network configuration, i.e., whether the CSI-RS patterns for cell A and cell B should differ only by time/frequency shifts. We suggest to bind this question to the reuse factor (question 3) discussion. 
 - Second, whether different network configurations should have different CSI-RS multiplexing patterns (e.g., different CP configuration or FDD &TDD may have different reuse factors). Our suggestion is that, different CSI-RS multiplexing patterns could be used for normal-CP and ext-CP. However, for the given CP configuration, normal subframe and MBSFN subframe as well as FDD and TDD should share the same CSI-RS multiplexing pattern (DwPTS could be an exception).

	Panasonic
	It is preferable to have commonality as much as possible. However it would be reasonable to prioritize normal CP and FDD case, therefore it would be beneficial to have different pattern for other cases if the cases provides much restriction for CSI-RS design.

	CATT
	Same view as Nokia.

	Motorola


	Prefer common pattern or at least common channel estimator

	Texas Instruments
	We prefer a common CSI-RS RE pattern for different configurations, to the extent to which time/frequency resources are available for different configurations (TDD Vs. FDD, normal Vs. Extended CP).

	Samsung
	Our preference is to have a common pattern for the normal and MBSFN subframes. However, depending on whether it is FDD/TDD, normal/extended CP subframe, CSI-RS design may be constrained by different constraints. For example, the extended CP case has less OFDM symbols to work with compared to the normal CP case. Therefore, while we agree that a common pattern is desirable, we might need to come up with different solutions subject to different constraints.

	CATR
	We prefer to have a common pattern for different network configuration.

	RIM
	Our preference in general is to have a common pattern, at least for the same network configuration. However, this has some dependency on whether a common pattern can achieve the desired reuse factor within a subframe.

	DOCOMO
	Since frame structure and expected channel are different between normal CP and extended CP, in principle CSI-RS patterns are not necessarily be the same between normal CP and extended CP. In fact DMRS pattern will be different between the two. On the other hand, it would be certainly good to have same structure between the two for specification simplicity. However, CSI-RS pattern should not be optimized for extended CP, i.e,  we could consider some adjustments of CSI-RS pattern in extended CP while keeping similar structure.



	Pantech
	Generally, we think that the common pattern for different configurations is preferable. However, if it is deemed more suitable and/or needed for CSI-RS design, the pattern (or only location) could be different between normal CP and extended CP. We already have different patterns for DL DM-RS between normal CP and extended CP.

	CMCC
	Agree with DoCoMo's view.

	QUALCOMM
	-

	HTC
	Same view as DoCoMo that we don’t think common pattern is necessary. Yet, we have no strong preference if company want to keep simplicity. 

	Fujitsu
	same with Docomo’s view

	Ericsson 
	We prefer to have a single base pattern that can then be translated with time shifting (OFDM symbol within a subframe, subframe offset) and frequency shifting.


A.2.2  (b) What is the prefered multiplexing method among multiple CSI-RS ports within one cell? (FDM, FDM+CDM, CSM, etc)?

	ALU/ASB
	PRB bundling based FDM, as introduced in R1-100924

	Huawei
	FDM among different pairs of CSI-RS ports. Whether FDM or CDM between two ports within each pair depending on LS answer from RAN4.

	LG
	It seems to be CDM-based multiplexing is the safer choice at the moment considering Rel-8 guideline of tolerable power difference although we are waiting for RAN4 response

	Nokia, Nokia Siemens Networks
	Our preference is CDM-T with OCC2. It yields indeed a safer choice since it limits the maximum power boosting needed for full power utilization to 6 dB.

	ZTE
	It may depend on the decision on the available RE amount (question 1) and reuse factor (question 3). In general, FDM/CDM-T could provide larger reuse factor than FDM

	Panasonic
	FDM+CDM is preferable assuming that 9dB power boosting provides issues from RAN4 perspective

	CATT
	CSM is preferred. It has better performance in low SNR and there is not issue of 9dB power boosting

	Motorola


	While waiting for RAN4 response, we would also prefer to not mandate 9dB boosting for full power utilization. CSM is our preferred multiplexing method.

	Texas Instruments
	We share the same view as Huawei.

	Samsung
	Our preference is a combination of FDM and TDM as described in R1-102194. 

	CATR
	we prefer FDM(if 9dB power boosting is allowed) and CSM+FDM.

	RIM
	CDM may be a safer choice but we prefer to wait for RAN4 response regarding power boosting.

	DOCOMO
	OCC2 CDM would be good choice considering the maximum power boosting. OCC2 can be applied over two consecutive OFDM symbols (CDM-T) or subcarriers (CDM-F). CDM-T has advantage that higher reuse factor can be obtained in frequency domain. On the other hand, CDM-F can avoid Rel-8 DRS.  

	Pantech
	Firstly, we think that two OFDM symbols are needed for CSI-RS, because only one OFDM symbol could not be enough for inter-cell pattern design within a subframe to avoid inter-cell interference (especially 8Tx case). If we use two OFDM symbols, we can easily obtain inter-cell reuse patterns within a subframe by frequency shifts as Rel-8 CRS. For two OFDM symbols, our preference for multiplexing scheme is FDM+TDM (as Samsung's view) or FDM+CDM with length 2 OCC (as Nokia's view) although we are waiting for the LS answer from RAN4.

	CMCC
	FDM is preferred is no power boosting issues

	QUALCOMM
	We prefer FDM.  There should be little difference between 9dB boost and 6dB boost with SF2 CDM. But in any case, the RAN4 decision will narrow down the choices

	HTC
	Same view as ZTE

	Fujitsu
	We share the same view with Huawei

	Ericsson 

(R1-102628)
	· Adopt pair wise multiplexing of antenna ports using CDM-F unless there is a significant performance degradation compared to other patterns

· Avoids the need to wait for and interpret RAN4 LS response and bypasses the controversies related to DMRS for transmission mode 7.

· CDM-F on a single OFDM symbol also seems to be compliant with the resource element grid for extended CP where OFDM symbol 8 would at least be available.


A.3  Reuse factor per subframe for 2,4,8 ports
A.3.1  (a). Whether a fixed reuse factor should be used for all the potential network scenarios

	ALU/ASB
	We prefer a fixed reuse factor (e.g. 6)  for all antenna ports for all network deployment scenarios

	Huawei
	Reuse factor of inter-cell CSI-RS should be network configurable, and transparent to UE (no need to inform UE via air interface). For instance, high CSI-RS reuse factor can be configured for dense network in Urban scenarios,     and low reuse factor can be set for Rural Area or Hot-spot cell. Homogeneous and heterogeneous network may require different reuse factors

	LG
	We can define whole set of CSI-RS reuse and can be used according to the network scenario in UE transparent manner which implies that we don’t need to define different set of CSI-RS reuse in each case in the specification. And, larger number of CSI-RS reuse seems to be beneficial from interference randomization viewpoint. Since more resources are available for the 2 and 4 ports, more number of CSI-RS reuse may need to be defined compared to 8 ports

	Nokia, Nokia Siemens Networks
	We prefer the same amount of RE handled for 2/4/8 ports. The lesser Tx antennas per cell, the larger the reuse factor will be. Good target number of RE are 16 and 24 RE.

	ZTE
	First, we think the reuse factor per subframe could be different for different CP-length configurations. Secondly, for given CP configuration, we can define the multiplexing pattern per PRB to "relatively" maximize reuse factor per subframe. For different network scenarios, system could configure to pick up CSI-RS reuse pattern units from the overall pool. We prefer reuse factor per subframe equal to 6 with 8 ports for normal-CP subframe

	Panasonic
	It is necessary to have configurability on reuse factor, in particular for HetNet scenario

	CATT
	The same amount of RE is used for 2/4/8 ports. What is the meaning of reuse factor per subframe? If it means completely orthogonal sets of CSI-RS ports then it should be fixed which is closely related to question 1

	Motorola


	The reuse factors depend on the pattern and the agreement on the available resources. A large reuse factor will be helpful to ensure CSI-RS collide only with data RE of interfering cells in order for interference measurement reflects cell loading. Different numbers of reuse factor can be envisioned for 2/4/8-Tx.

	Texas Instruments
	We suggest a fixed target number of total CSI-RS REs which is independent of the number of configured TX antenna ports. The reuse factors will be determined by the number of antenna ports.

	Samsung
	Given a fixed set of CSI-RS patterns, the reuse factor can be different for different subframe types. For example, IF DwPTS subframe is used for CSI-RS transmission, the reuse factor cannot be as large as that of a non-DwPTS subframe. Although the reuse factor can be different, from specification point of view, there is no need to specify the reuse factor for each and every case. A common pool can be defined as suggested by LGE/ ZTE and the network could allocate a specific CSI-RS pattern to a cell in a manner that is transparent to the UE. On another note, the reuse factor could be different depending on the number of CSI-RS antenna ports.

	CATR
	-

	RIM
	We agree with Huawei that the desired reuse factor may be different for different deployment scenarios. However, the number of REs available for CSI-RS ina subframe should be fixed for a particular network configuration. The CSI-RS patterns should be chosen based on the desired reuse factors and number of tx antennas.

	DOCOMO
	Considering the reuse factor of CRS is 3, and smaller CSI-RS density per PRB in smaller number of Tx antennas, target for the minimum reuse factors can be 3, 6, 12 for 8, 4, 2 Tx antenna. Higher reuse factors are desirable considering future deployment of CoMP and HetNet.

	Pantech
	The reuse factor can be different for the number of CSI-RS ports. We have preference for the same amount of configurable REs for 2/4/8 CSI-RS ports. We think that the reasonable target number of REs within a subframe can be 24 REs, and the reuse factor accompanied with above target number of REs could be 3/6/12 for 8/4/2 CSI-RS ports.

	CMCC
	-

	QUALCOMM
	No.  A single reuse factor is adopting the worst case scenario to all other scenarios

	HTC
	Reuse factor should not be fixed and could be configurable by network according to different network deployment.

	Fujitsu
	Same view with Huawei

	Ericsson 
	We also prefer OCC2 with CDM. This would elegantly avoid the 9 dB boosting issue and we could proceed to finalize the design


A.3.2  (b) If answer of a) is not, what are the minimum reuse factors, and what are the maximum reuse factors for 2, 4, 8 ports respectively?

	ALU/ASB
	-

	Huawei
	Lower bound and upper bound of reusef factor should be defined for CSI-RS at least in normal subframe. FFS for CSI-RSs in MBSFN subframe. 
    -The minimum reuse factor is 3:  with 2 or 4 orthogonal CSI-RS ports within one subframe, while 8 orthogonal CSI-RS ports within 3 subframe. 
    -The maximum reuse factor of 9 is possible for 2 or 4 orthogonal CSI-RS ports within one normal subframe; the maximum reuse factor of 8 ports should be at least 3, depending on the discussions of the other items.

	LG
	-

	Nokia, Nokia Siemens Networks
	From our previous studies we have noted that good reuse factors are required to provide channel estimation benefits over CRS. Reuse factor 3 does not seem to be enough. For example if 24 RE are used, one can get reuse factors within one subframe of 12/6/3 for 2/4/8-Tx antennas respectively.

	ZTE
	-

	Panasonic
	Minimum reuse factor would be 3 as that for Rel-8

	CATT
	

	Motorola


	The reuse factors depend on the pattern and the agreement on the available resources. A minimum reuse factor of 3 is needed for 8-Tx, and much more for 2/4-Tx. A large reuse factor will be helpful as explained previously.

	Texas Instruments
	We suggest a target number of at least 24 REs (reuse factors of 3/6/12 for 8/4/2 port CSI-RS), while factoring the intra-cell CSI-RS PRB density of 1 RE/PRB/port as per current agreement.

	Samsung
	The maximum reuse factor can be determined based on the available resources. As a starting point for further discussions, a reuse factor of 6 is acceptable for 2, 4, and 8 ports in a FDD normal-CP subframe.

	CATR
	The reuse factor should be at least 3 for different Tx ports.

	RIM
	-

	DOCOMO
	-

	Pantech
	If the reuse factor has to be the same for the number of CSI-RS ports, the minimum reuse factor is 3 for 2/4/8 CSI-RS ports. However, as mentioned in Question 3-a), the reasonable reuse factor is 12/6/3 within a subframe for 2/4/8 CSI-RS ports. The necessity of more reuse factors within 5 or 10 subframes for certain network deployment scenario is FFS.

	CMCC

(R1-103230)
	According to our initial analysis in contribution R1-103230, the gain increment of higher reuse factor over that of the lower reuser factor is shrinking, we think the the minimum reuse factor can be set to 3 for 2,4 8 Tx and while maximum reuse factor can be set to 6 as a tradeoff for all Tx number.

	QUALCOMM
	Similar view as Motorola, with the exception that in relay backhaul subframes 8Tx CSI-RS might have reuse factor even less than 3 due to resource limitations.  But the physical layer specification only needs to define a total set of resources.  In particular deployments, the reuse factor will depend on local conditions, for example whether relays are deployed, etc

	HTC
	Minimum reuse factor would be 3. FFS for maximum reuse factor.

	Fujitsu
	Minimum reuse factor is preferred to be 3 for 8-Tx, more for 2/4-Tx. 

	Ericsson 
	The re-use factor is automatically determined by the available resources for a certain configuration of the cell and the number of CSI-RS antenna ports so that we don’t understand why we should artificially insist on a fixed re-use factor


A.4  Necessary signaling 
A.4.1  (a)  What are the potential locations of CSI-RS, including subframe index, frequency shift, OFDM symbol shift, etc.?

	ALU/ASB
	All of the FDD DL subframes and TDD normal DL subframes except SCH,  PBCH, and DwPTS  subframes

	Huawei
	- The subframe index can be any DL subframe in FDD and TDD, MBSFN subframe or normal subframe, while DwPTS subframe FFS.   
- The frequency shift candidates include: {0, +2, -2, +4, -4, +6} for 2 ports; {0, +4, -4} for 4 and 8 ports. 
- The OFDM symbol shifts depending on 1.c)

	LG
	We are also considering all of DL subframes in TDD and FDD except for the subframes having SCH, PBCH. FFS for the DwPTS subframes

	Nokia, Nokia Siemens Networks
	The subframe index can be any FDD/TDD DL subframes except those carrying SCH, PBCH, potentially DwPTS

	ZTE
	CSI-RS should not be sent in the subframe that carries SCH and PBCH as well as the subframes that can be configured in R8 to carry paging channel. This leaves only MBSFN-capable subframes for CSI-RS transmission. In addition, CSI-RS should save at least one subframe for other "MBSFN-purpose" transmission. Therefore we have at most 5 subfames per 10ms to send CSI-RS in FDD. The case for TDD might be more complicated due to multiple uneven allocation ratios. Finally, RAN1 has agreed that, once CSI-RS location of port-0 is determined, the freq/time shifts for other ports are also unambiguously determined. The freq/time location for port-0 should be determined by CSI-RS multiplexing pattern.

	Panasonic
	At least for FDD, all of the subframes except PBCH/PSS/SSS would be used

	CATT
	For FDD, the subframe index can be any DL subframe except thos carrying SCH, PBCH.

For TDD, the subframe index can be any DL subframe, subframe 0 and special subframe should are not precluded.

	Motorola


	Same as LG/Nokia/NSN

	Texas Instruments
	Same views as LG/Nokia-NSN

	Samsung
	All DL subframe in FDD/TDD, MBSFN/normal subframes. DwPTS is FFS.

	CATR
	CSI-RS should not be sent in subframes carrying PBCH, synchronization signal and paging channel in both TDD and FDD system,and special subframe in TDD system.

	RIM
	Same view as LG/Nokia/NSN/Motorola/TI. 

	DOCOMO
	CSIRS location should avoid PBCH, PSS/SSS, and paging, i.e., 0, 4, 5, 9-th subframe can be avoided.

	Pantech
	We also have the same view as LG/Nokia-NSN.

	CMCC
	share the same view with DoCoMo

	QUALCOMM
	CSI-RS should avoid symbols with CRS, first three OFDM symbols (four for 1.4MHz), Rel-10 UE-RS REs, PBCH and synchronization signals. It would be preferable if it avoided paging subframes as well although it may be ok to leave this up to eNB configuration

	HTC
	Similar view as ZTE.

	Fujitsu
	same view as LG/Nokia/NSN/Motorola/TI/RIM

	Ericsson 
	Similar to previous comments, the reuse factors depends on available resources and number of CSI-RS and we prefer discussing this instead of an implicit discussion via max/min


A.4.2  (b)  Implicit signaling or explicit signaling of each index (subframe, frequency shift, OFDM shift, etc.), and the association to the cell id?

	ALU/ASB
	The CSI-RS configuration is autonomously implicitly derived from cell ID and SFN as in R1-101855

	Huawei 

(R1-103101)
	Considering the potential large reuse factor of CSI-RS, explicit signaling of CSI-RS position is needed. But the cell-id should be used as a randomization seed of the variation of the subframe-index, frequency shift & OFDM symbol shift

	LG
	The use of cell-id needs to be further studied although it is preferred to tie CSI-RS pattern with a cell-specific predefined parameter to check whether the cell-id is enough to coordinate CSI-RS patterns for CoMP operation if it is used in future release. And, it is also preferred that the CSI-RS pattern is independent from SFN

	Nokia, Nokia Siemens Networks
	Frequency shifts can be associated with cell ID. We do not see a need for subframe and/or OFDM symbol shifts

	ZTE
	Explicit signaling could be necessary besides the cell-ID

	Panasonic
	It is preferable to have explicit signaling of each index via higher layer signaling

	CATT
	Associate with the Cell ID, no need of subframe shifting.

	Motorola


	Among the allowable patterns, cell-ID can be used to implicitly signal the pattern to UEs. If configurability of CSI-RS locations is allowed, explicit signaling of patterns could be used

	Texas Instruments
	The CSI-RS locations are implicitly determined by the cell-ID and the number of configured CSI-RS antenna ports.

	Samsung
	Cell-ID based allocation as currently used for CRS can be one method. However, compared to the case of CRS, there are far more possibilities for CSI-RS (subframe index, pattern index, etc) which may require some additional explicit signaling.

	CATR
	-

	RIM
	At least cell ID should be used. However, it may not be suffcient for different reuse factors for different deployment scenarios and for different potential coordination required for CoMP.

	DOCOMO 
	Cell-ID is planned according to CRS, thus also tying CSI-RS to cell-ID may complicate cell-ID planning or may lose flexibility in some advanced network deployments, such as HetNet and CoMP. Thus, feasibility of explicit signaling of CSI-RS location in terms of signaling overhead and UE complexity should be studied further. One important aspect would be multi-cell CSI measurement where UE needs to know the CSI-RS location of neighbor cells. 

	Pantech
	Firstly, the inter-cell CSI-RS location can be implicitly indicated by frequency shifts within a subframe based on Cell-ID as Rel-8 CRS. The other signalings are FFS.

	CMCC
	Explicit signaling is preferred, it is not necessarily bundled to cell ID, considering the possible difference of reuse factor between CSI RS and CRS

	QUALCOMM
	Similar views as DoCoMo. We believe that using a PCI to CSI-RS mapping is too restrictive in Rel-10 in terms of E-UTRAN flexibility. PCI assignment is already used for CRS planning, UL DM-RS sequence planning. Also, the situation is different from Rel-8/9 CRS resource allocation where PCI to CRS mapping was essential to enable CRS-based PBCH decoding after PSS/SS detection.  In Rel-10, the UE should be able to do full system acquisition without CSI-RS, therefore the CSI-RS resource allocation information (and muting information if it is adopted) could come later in one of the SIBs

	HTC
	Explicit signaling is preferred besides cell-ID based

	Ericsson 
	The possible locations for the pattern are determined by the set of OFDM/subframe shifts and frequency shifts that ensure that the base pattern does not collide with any non-PDSCH REs and the “forbidden” OFDM symbols mentioned above (control region and OFDM symbols carrying Rel-8 CRS for the particular cell). Explicit signaling of CSI RS configuration seems to be the simplest in order to support the large re-use factors and ease network planning efforts.
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CSI RS should avoid DL subframes containing SCH, PBCH in FDD


While whether avoid SCH/PBCH DL subframe and the DwPTS subframe in TDD is FFS.


The signaling of CSI-RS relies on the decisions of the other items, which should be discussed afterwards.





The re-use factor is automatically determined by the available resources for a certain configuration of the cell and the number of CSI-RS antenna ports.


High reuse factor should be configurable for 2 or 4 ports within one subframe.





The available resource elements for CSI-RSs are variable according to different network configurations, at least for normal CP and extended CP. 


The available resources at least contain:


OFDM symbol #10 (counting from 0) for normal CP 


OFDM symbol #8 (counting from 0) for Extended CP: 


It’d be good to be possible for CSI-RS to avoid antenna port 5.


Further discussions on: 


Whether CSI-RS is possible to map to the OFDM symbols that contain CRS port 2&3 if no port 2&3 configured in the system?


Whether CSI-RS should avoid or at least be possible to avoid the OFDM symbols contain R9/R10 DM-RSs?


Whether CSI-RS is possible to map to the 2rd OFDM symbols (counting from 0 to 13), i.e. CFI<=2 for CSI-RS subframe, for normal CP and extended CP respectively?





It is preferred to have a common pattern for different configurations as much as possible. 


minor differences or adjustments between normal CP and extended CP is FFS


The multiplexing method of  intra-cell CSI-RS


FDM among different pair of CSI-RS ports


CDM within each pair of CSI-RS ports if power boosting limit is 6dB according to RAN4


















































































































