3GPP TSG RAN WG1 Meeting #59

  R1-094963
Jeju, Korea, 9th – 13th November, 2009

Agenda item:
7.3.1
Source:  

NTT DOCOMO
Title: 
Summary of e-mail discussion on CSI-RS design
Document for:
Discussion and decision
1. Introduction
This document is a summary of e-mail discussion on CSI-RS design that took place between RAN WG#58bis and #59 meeting. The following section provides the views of each company and summary of each topic.

2. e-mail discussion 

Q1. How many REs are used for CSI-RS per antenna port per PRB in which CSI-RS is inserted?
Alt1: 2 REs
Alt2: Others? 
	Company
	Preference

	[docomo]
	Alt 1

	[Nokia/NSN]
	Nokia/NSN: 2 RE, the overall overhead per subframe per PRB also depends on the need of muting or puncturing for neighbour cell as discussed in question 8.

	[Huawei]
	Alt 1

	[TI]
	Alt 1.

	[Fujitsu]
	We support 2Res are used for CSI estimation per antenna port. How to place CSI-RS is FFS.

	[CATT]
	Alt 2 (12 REs for 8 CSI-RS antenna ports, CDM approach as described in Q6.)

	[Samsung]
	Alt 1: 1RE. We  would like to also consider the possibility of 1RE (or lower) as well, given that we don’t’ see much difference between 1RE results and 2RE results.

	[QCOM]
	Alt 1

	[Toshiba]
	It should support 2 REs at this stage

	[LGE]
	Alt 1

	[Pana]
	Alt 1 is preferable.

	[RIM]
	Alt 1

	[ZTE]
	For the 4 or less R10 CSI antenna ports, 2RE/PRB/port (Alt1) seems a reasonable choice. For 8 CSI ports, we see 1RE/PRB/port (Alt2) might also deserve the consideration, because 

· 16 RE/PRB for CSI-RS insertion may have big impact to R8 PDSCH. Even though R8 PDSCH can be shifted out of CSI-RS subframe by either scheduling or MBSFN-based LTE-A subframe, the capacity loss to R8 UE, especially in TDD system, should be considered. 

· The limitation on uplink CSI feedback size (due to feedback performance and overhead) may require different transmission format (say weaker quantization) for 8 CSI ports compared to 4 or less CSI ports. In such a case, it remains unknown whether it deserves to keep 2 RE/PRB/port for 8 ports, since the measurement accuracy could be neutralized by residue errors coming from feedback reporting. 

Therefore, we propose to narrow down the choice from following three candidates:


Alt1: 2 REs for any number of CSI ports. 


Alt2: 1 RE for any number of CSI ports. 


         Alt3: 2 REs for 4 or less number of CSI ports, and 1 RE for 8 CSI ports.

	[Ericsson]
	Alt 1 up to 4 CSI antenna ports. For 8 CSI antenna ports, strive for 2 REs but we may be forced to consider lower densities such as 3/2 REs per PRB

	[ALU]
	Alt 1.

	[NEC]
	Alt 1 as baseline

	[IDCC]
	Alt 1

	[WOASiS]
	Alt2: It depends on the multi-cell CSI-RS pattern, but no more than 2REs on average.

	[Philips]
	Alt 1 as a baseline seems fine. In this case the two REs for one antenna port should be adjacent

	[SHARP]
	Alt.1

	[MOT]
	Alt2 (e.g. 4RE for 4Tx and 8-RE for 8-Tx per PRB, based on cyclic shift multiplexing (CSM) between the 4Tx antenna #1-4. Another 4RE is FDM for ant #5-8.  The CSI-RS design should also consider CoMP support carefully such as how many orthogonal or quasi-orthogonal ports need to be supported).


	Observations:

Alt 1 (2RE): DOCOMO, Nokia/NSN, Huawei, TI, Fujitsu, Qualcomm, Toshiba, LGE, Panasonic, RIM, ALU, NEC, IDCC, Philips, SHARP
Alt 2: (Others?)

  (a) (1.5 RE for 8 ports): CATT, Ericsson
(b) (1 RE for 8 ports): ZTE, Motorola, Samsung
(c) (less than 2 RE): WOASiS
( Majority supports Alt 1 (2 RE per port per PRB).
( 1.5 RE and 1 RE are alternatives.
Proposal 1
· 2 RE per port/PRB is baseline for CSI-RS density.


Q2. How many REs are maximally used for CSI-RS per PRB in which CSI-RS is inserted? 

Alt1: Max. 8 REs
Alt2: Max. 16 REs
Alt3: Others?
	Company
	Preference

	[docomo]
	Alt 2 (per cell)

	[Nokia/NSN]
	Alt2 or Alt3 (max of 32 RE if the muted/punctured REs for orthogonalizing inter-cell CSI-RS is included, otherwise max of 16 RE for serving cell RE)

	[Huawei]
	Alt 2.

	[TI]
	Alt 2.

	[Fujitsu]
	Alt1 or Alt2

	[CATT]
	Alt 3 (12 REs for 8 CSI-RS antenna ports, CDM approach as described in Q6)

	[Samsung]
	Alt 1. Several contributions (e.g. our R1-094089) have shown that even with 8RE, the BLER perforamnce degradation for legacy UE using SFBC transmission is quite large.  If we use 16RE, the packets of legacy Ues scheduled in this subframe will most likely be lost.  This is problematic espeically for semi-persistantly scheduled traffic such as VoIP where link adaptation adjustment is not an option.

	[QCOM]
	Alt 2: 16 REs per cell.

	[Toshiba]
	Alt2 or Alt3 (’Alt3-others’ need to be further studied)

	[LGE]
	Alt 1. As mentioned by Samsung, it has been shown that if the number of CSI-RS is larger than 8 it would be better not to use the subframe containing CSI-RS for legacy UE since the BLER is almost 1 and its error is propagated after second retransmission. Therefore, to schedule a legacy UE in the subframe containing CSI-RS, the CSI-RS overhead should be low as much as possible. Keeping that in mind, Alt1 seems to be tolerable number of CSI-RS in legacy UE impact point of view.

	[Pana]
	Alt 2.

	[ZTE]
	We slightly prefer to Alt1, with the same concern as Samsung has.

	[Ericsson]
	Alt2 for up to 4 CSI antenna ports. For 8 CSI antenna ports we should strive for 16 but also consider slightly lower such as 12 REs

	[ALU]
	Alt 2 or Alt 3 for further study in the case of CoMP.

	[NEC]
	Alt 2.

	[IDCC]
	Alt 2

	[WOASiS]
	Alt3, no mre than 16REs, but no less than 12REs .

	[Philips]
	Alt 2 should be OK as a maximum, and seems necessary for proper support of 8 antennas. For backwards compatibility, possible support of other additional configurations with lower overhead should be kept as FFS.

	[SHARP]
	Alt2

	[MOT]
	Alt 3.  Need to clarify whether the maximal count includes REs potentially muted for CoMP scenarios.  


	Observations:
· Alt 1 (Max. 8RE): Samsung, Fujitsu, LGE, ZTE

· Alt 2 (Max. 16RE): DOCOMO, Nokia/NSN (w/o muting), Huawei, TI, Fujitsu, Qualcomm, Panasonic, 　　　　　　　　　　　

ALU, NEC, IDCC, Philips, SHARP
· Alt 3:  (a: 12RE for 8 ports): CATT, Ericsson
(b: 32RE with muting): Nokia/NSN
(c: 12 RE<=x<=16 RE) : WOASiS
(d: depend on w. or w/o muting for CoMP): Motorola
( Majority supports Alt 2 (16 RE per PRB)
( 8 RE, 12 RE and 32 RE (when muting is applied) are alternatives.
Further discussion points:

· First focus on the density w/o muting.
Proposal 2
· Maximum 16 RE per port/PRB is baseline for CSI-RS density.
· Increased density with muting (if used) is FFS


Q3. Do we introduce inter-PRB multiplexing of CSI-RS? (A set of CSI-RS is mapped to multiple PRB)
Alt1: No
Alt2: Yes with FDM (single subframe)
Alt3: Yes with TDM (different subframe)
Alt4: Others?
[image: image1.emf]Alt1: No (A CSI-RS pattern is mappted to single subframe, single PRB in frequency domain)
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[image: image3.wmf]Alt3: Yes with TDM (A CSI-RS pattern is mapped to multiple-subframes)
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Example of inter-RB multiplexing for 8 CSI-RS ports
	Company
	Preference

	[docomo]
	Alt 1

	[Nokia/NSN]
	Alt 1

	[Huawei]
	Alt 1.

	[Fujitsu]
	Alt1 or Alt3

	[CATT]
	Alt 1

	[Samsung]
	Alt 3.  In addition, to address the frequency estimation error and power boosting issues raised in the previous meeting (regarding splitting 8 ports to 4+4 onto two subframes), we are also considering a different way of  inter-subframe multiplexing.  Instead of splitting the 8 antenna ports, we can split on a  per-port basis, that is, for each port, we split the 2RE into the two consecutive subframes. Some examples of this way of splitting is shown in the figure below. This approach avoids the above mentioned issues, while in the meantime resulting in a 8RE/PRB overhead (as opposed to 16 if we don’t’ split in two subframes), which is highly desirable from legacy UE impact viewpoint.
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Example (1) of splitting the RS RE into 2 subframe 
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Example (2) of splitting the RS RE into 2 subframes 
Additional comments:

Give that we now see 1 RE/port/RB may be sufficient,  we now see  Alt 1 as a baseline for further consideration.  We are also open to Alt 2 to explore the possibility of other densities such as 0.5RE/port/RB or 1.5 RE/port/RB.

I’d also like to explain a little on why our current results in R1-094574 is different from the results we showed in the previous meeting, R1-094089, where we observed a large difference between 1RE and 2RE/port/RB.  In R1-094089, we are performing link adaption and PMI/CQI report based on channel estimation averaged overall all REs (both containing CSI-RS and not containing CSI-RS), and therefore the result was sensitive to the density of the CSI-RS.  However, we later found that the channel estimates in RE locations with CSI-RS is typically much better than in RE locations without CSI-RS. Therefore, in the new results in R1-094574,  we only used the  REs that contains CSI-RS for link adaptation and found that the results is not very sensitive to the density of CSI-RS. 

	[QCOM]
	Alt 2 (FDM) across antenna ports of the same cell and Alt 3 (FDM/TDM) across cells. The main reason to adopt FDM/TDM across cells is to reduce collision of CSI-RS across adjacent cells. Low collision rate across cells will be particularly important in heterogeneous deployments, in the context of inter-cell CSI-RS use cases (ICIC,CoMP). Even if the initial focus is on intra-cell applications (SU-MIMO and MU-MIMO) scenarios, we need a scalable CSI-RS design to address inter-cell cooperation (ICIC,CoMP) in a variety of scenarios of interest in Rel-10 and beyond.

	[Toshiba]
	FFS

	[LGE]
	Alt 3.to minimize the number of CSI-RS in an PRB, splitting the CSI-RS into multiple subframes within a duty cycle seems to be reasonable.

[Pana] FFS.

	[Pana]
	FFS.

	[ZTE]
	Alt1 (No). 



	[Ericsson]
	It is difficult to see any strong reasons for why a PRB is a relevant frequency-granularity measure for the design of CSI RS. Why do we have to enforce the CSI RS pattern to repeat with a PRB peridocity in the frequency domain? The CSI RS are cell specific and hence do not, in contrast to the UE specific RS, have to be self-contained within the smallest possible resource allocation unit. Our preference is therefore Alt2, or Alt4 for FFS (which may include TDM within a subframe). But we should really avoid splitting the pattern across subframes so alt3 may be precluded.

	[ALU]
	Alt 1

	[NEC]
	FFS

	[IDCC]
	Alt 2

	[WOASiS]
	Alt2 or Alt3.

	[Philips]
	Alt 1 seems a good baseline. However, it seems too early to rule out other options or possible additional configurations (e.g. for lower CSI-RS overhead, ICIC, CoMP). A potential problem may be whether consistent channel estimates can be derived if the CSI for different ports are located in different PRBs.

	[SHARP]
	FFS.

	[MOT]
	Alt1


	Observations 
Alt 1 No inter-PRB CSI-RS multiplexing
DOCOMO, Nokia/NSN, Huawei, TI, Fujitsu, CATT, ZTE, ALU, Motorola, Samsung (for 8RE/PRB)
Alt 2 Yes with FDM (single subframe): 
Qualcomm (intra-cell CSI-RS), Ericsson, IDCC, WOASiS, Samsung (for 0.5, 1.5 RE/PRB)
Alt 3 Yes with TDM (multiple-subframes): 
Fujitsu, LGE, Qualcomm (Inter-cell CSI-RS), WOASiS
Alt 4 (FFS): Toshiba, Panasonic, Ericsson, NEC, SHARP
( More companies prefer Alt 1 (single subframe, single PRB in frequency domain)

Comments from companies:
· CSI-RS pattern does not necessarily repeat every PRB in frequency domain.
· Scalable CSI-RS design is desirable considering inter-cell aspects (CoMP, ICIC)
· Channel estimates may not be consistent if CSI-RS of different port are located in difference PRB.
Proposal3
· Discuss first if a set of intra-cell CSI-RS is contained in a single subframe (Alt 1&2) or multiple subframes (Alt3)


Q4. Do we assume that CSI-RS can be transmitted more than once per radio frame? (e.g., a set of CSI-RS is transmitted every 5 msec.)
	Company
	Preference

	[Nokia/NSN]
	FFS

	[Huawei]
	Yes. But the total CSI-RS overhead of 5msec duty cycle should be no larger than that of 10msec duty cycle, e.g., 8-port CSI-RS is transmitted every 10msec while 4-port CSI-RS is transmitted every 5msec.

	[TI]
	For 8-port CSI-RS, we assume that CSI-RS is transmitted only once per 10ms radio frame as the expected application of 8-port CSI-RS is for local area (indoor) setup and low mobility. Other configurations are FFS (depending on the outcome of Q9 and Q10).

	[Fujitsu]
	FFS

	[CATT]
	multiples of 5ms

	[Samsung]
	FFS until WI stage

	[QCOM]
	FFS.

	[Toshiba]
	It is still not clear at this stage and be better to leave for further study

	[LGE]
	5ms as a minimum duty cycle and longer duty cycle can multiples of 5ms

	[Pana]
	Yes.

	[RIM]
	FFS

	[ZTE]
	multiples of 5ms.

	[Ericsson]
	Multiples of 5 ms, with a minimum period of 5 ms, seems reasonable, this simplifies design not only for TDD but also for FDD. The previously stated overhead figures assume 10 ms periodicity but of course if the CSI RS is transmitted more often, the overhead increases proportionally which is ok as it is only a configuration issue for the eNodeB. We may thus design and optimize with primarily a 10 ms periodicity in mind but then allow the CSI RS period to be configured in multiples of 5 ms.

	[ALU]
	Yes.  It is a system parameter configured by the eNB

	[NEC]
	FFS

	[IDCC]
	FFD

	[WOASiS]
	multiples of 5ms.

	[Philips]
	Yes. There seems no reason to restrict the duty cycle at this stage. It should be up to the operator/eNB to decide how much overhead from CSI-RS is appropriate.

	[SHARP]
	Yes. Multiples of 5ms.

	[MOT]
	Should be configurable by eNB.


	Observations:
· (Yes) More than once in a radio frame: Panasonic, ALU, Philips, Motorola
· (Yes) Multiple of 5 ms: CATT, LGE, Huawei (4 ports), ZTE, Ericsson, WOASiS, SHARP
· (No) 10 ms for 8 ports: TI, Huawei

· FFS: Nokia/NSN, Fujitsu, Samsung, Toshiba, TI (except 8 ports), RIM, ALU, NEC
( Majority companies allow higher duty cycle. Multiple of 5msec seems good candidates.
( The duty cycle is configurable by eNB.
( At the same time, many companies think that this issue can be discussed as WI.

Proposal 4
· For time domain periodicity, multiple of 5 msec is baseline for further evaluations
· Exact set is FFS until WI stage


Q5. Do we introduce frequency domain periodicity? (CSI-RS is inserted every N PRB in frequency domain to create CSI-RS-less PRB in between.)

Alt1: No. (N = 1 only)

Alt2: Yes (N >1 possible)
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Example: CSI-RS is inserted every 2 RB (N = 2) in frequency domain

	Company
	Preference

	[docomo]
	FFS

	[Nokia/NSN]
	Alt 1 (No)

	[Huawei]
	FFS

	[TI]
	Alt1 at least for 8-port CSI-RS.

	[Fujitsu]
	FFS

	[CATT]
	Alt 1

	[Samsung]
	FFS

	[QCOM]
	Alt 1 (No).

	[Toshiba]
	FFS

	[LGE]
	FFS

	[RIM]
	FFS

	[ZTE]
	FFS

	[Ericsson]
	FFS

	[ALU]
	Alt 1 (No)

	[NEC]
	Alt 2 (at least it should not be ruled out). For single cell case, it allows more number of REs for CSI-RS in a RB (Q2) while minimising the impact on legacy UE when it is scheduled on the CSI-RS subframe. We also avoid the need to consider inter-PRB multiplexing of CSI-RS in time (Q3). For multi-cell case, it allows multiplexing of CSI-RS of multiple-cells in one subframe, again with minimised impact on legacy UE.

	[IDCC]
	FFS

	[WOASiS]
	Alt1

	[Philips]
	Alt 1 seems fine as a baseline. Having frequency domain periodicity available as in Alt 2 seems a safer way of reducing CSI-RS overhead that the other options in Q3. 

Note: It is not clear whether companies indicating FFS want to choose between Alt 1 and  Alt 2 later (in which case N=1 is supported in either case), or whether want to consider some other possibility such as  N>1 always.

	SHARP
	FFS

	[MOT]
	FFS


	Observations:
Alt 1 (No): Nokia/NSN, TI, CATT, Qualcomm, ALU, WOASiS, Philips

Alt 2: (Yes): NEC

FFS: DOCOMO, Huawei, Fujitsu, Samsung, Toshiba, LGE, RIM, ZTE, Ericsson, IDCC, SHARP, Motorola
( FFS is majority.

Comments from companies:

· Alt 2 (N > 2) minimizes the legacy impact, and enables inter-cell CSI-RS multiplexing

· Should we support Alt 2 in addition to Alt 1?
Proposal 5
· Further study needed. Revisit this issue later


Q6. How is intra-PRB multiplexing done?

Alt1. FDM

Alt2. FDM+CDM

Alt3. FDM+TDM
Alt4. Others?
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Example FDM+CDM for intra-PRB multiplexing
	Company
	Preference

	[docomo]
	Alt 1 or 2

	[Nokia/NSN]
	Alt1 or Alt2 (FDM or FDM+CDM)

	[Huawei]
	FFS. It depends on the available RE resources for CSI-RS transmission (question 7).

	[TI]
	Alt1 or 2 for 8-port CSI-RS. FFS for other configurations (number of CSI-RS ports)

	[Fujitsu]
	FFS

	[CATT]
	Alt 4 (CDM based, an exemplary pattern for 8 CSI-RS antenna ports is shown below)
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Example CDM (ZC) for intra-PRB multiplexing

	[Sasmung]
	FFS. It depends on the number of RE used for CSI-RS (Q4), and resource available (Q7).

	[QCOM]
	FDM for the same antenna port, FDM/TDM (different OFDM symbols within a subframe) across 

antenna ports.

	[Toshiba]
	Alt1 or Alt2 for 8-port

	[LGE]
	Alt1 or Alt3 (FDM or FDM+TDM)

	[RIM]
	Alt1 and Alt 2 for 8-ports CSI-RS

	[ZTE]
	Alt1 or Alt3 (FDM or FDM+TDM)

	[Ericsson]
	FFS with slight preference towards Alt1 and/or Alt3

	[ALU]
	FFS

	[NEC]
	FFS

	[IDCC]
	FFS

	[WOASiS]
	Alt1 or Alt3

	[Philips]
	FFS. In any case, this should probably depend on the outcome on other questions.


	[SHARP]
	FFS

	[MOT]
	Alt1 or Alt2 (e.g. Alt2 example: CSM for antenna port 0-3 (Cyclic shift multiplexing may be deemed as a CDM using a poly-phase spreading in frequency). FDM between the set of #0-3 and the set of #4-7.)


	Observations:
Alt 1 (FDM) or Alt 2 (FDM+CDM): DOCOMO, Nokia/NSN, TI, Toshiba, RIM, WOASiS, Motorola
Alt 1 (FDM) or Alt 3 (FDM+TDM): Qualcomm, LGE, ZTE, Ericsson, WOASiS
Alt 4 (Others): CATT (CDM+TDM)

FFS: Huawei, Fujitsu, Samsung, ALU, NEC, IDCC, Ericsson, SHARP, Philips
( Majority split between FDM+CDM and FDM+TDM.

( This topic can be studied after other issues, such as density, are determined.

Proposal 6
· Further study needed.  Revisit this issue after we decide on the density. 
· Discuss first the design criteria for intra-cell CSI-RS multiplexing


Q7. Which OFDM symbols should we avoid putting CSI-RS?
(a) Rel-8 CRS
(b) Rel9/10 DMRS

(c) Rel8 DMRS

(d) PDCCH 
(e) Others?
	Company
	Preference

	[docomo]
	(a), (b), and (d)

	[Nokia/NSN]
	(a), (b) and (d) (the size of PDCCH might be limited)

	[Huawei]
	(a), (d), FFS of (c). For (b), CSI-RS may be FDMed with Rel9/10 DMRS.

	[TI]
	(a), (b), and (d)

	[Fujitsu]
	(a), (b) and (d)

	[CATT]
	(a), (b), and (d), FFS on (c)

	[Samsung]
	(a),  (d). Note that for (b) &(c), we only need to avoid the RE with DMRS, not necessarily the whole OFDM symbol.

	[QCOM]
	Avoid (a) and (d), avoiding (b) would be acceptable if the maximum number of CRS ports is limited to 2 whenever one or more CSI-RS ports are used (related to Q9). As pointed out by Samsung, it is essential to avoid Rel-9/10 UE-RS REs but not necessarily the entire respective OFDM symbols.

	[Toshiba]
	(a), (b).

	[LG Electronics]
	(a), (b), and (d) for normal CP case, 

(d) for extended CP case ( FFS: CSI-RS is transmitted in the OFDM symbols containing either Rel-8 CRS (i.e., antenna ports 2 and 3) or Rel9/10 DMRS)

	[Pana]
	(a), (d).

	[RIM]
	avoid (a), (b) and (d)

	[ZTE]
	(a), (b) and (d)

	[Ericsson]
	We don’t need to avoid (c). For (b) we agree with Samsung that parts of the OFDM symbol may be available. Regarding (a) it may be related to which configurations of Rel-8 CRS will be allowed. In general we wish to avoid prematurely restricting the design before the consequences of the restrictions have been

	[ALU]
	(a), (b), (d)

	[NEC]
	(a), (b), (d)

	[IDCC]
	(a), (b), (d): PDCCH should be limited to 3 symbols in subframes where CSI-RS are present

	[WOASiS]
	(a)(d).

	[Philips]
	In line with Samsung

	[SHARP]
	(a) and (d). For (b) we share Samsung’s view.

	[MOT]
	(a), (d).  As pointed out by Samsung, it is essential to avoid Rel-9/10 UE-RS REs but not necessarily the entire respective OFDM symbols.


	Observations:
Comments from companies:

· Most companies want to avoid (a) Rel-8 CRS and (d) PDCCH.
· Consider normal CP or not

· Consider the number of CRS ports

· Avoid Rel-9/10 DMRS “RE” not entire OFDM symbol
· Should not put too many restrictions at this stage.

( Most companies prefer to avoiding at least (a) and (d) for the normal CP case.
( Putting too many restrictions would not be good at this stage.
Proposal 7
· Design CSI-RS mapping pattern while avoiding OFDM symbols with (a) Rel-8 CRS and (d) PDCCH (1-3rd OFDM symbol) in the case of normal CP


Q8. What kind of means or techniques could be utilized to achieve inter-cell CSI-RS (quasi) orthogonality?.


e.g., Data puncturing of REs where the neighbouring cells transmit CSI-RS
	Company
	Preference

	[docomo]
	FFS. Data puncturing is one possibility, but it should not spread over multiple subframes.

	[Nokia/NSN]
	Muting of the REs where the neighbouring cells transmit CSI-RS, while keep the total number of REs for serving cell CSI-RS and muted for neighbour cells no more than 32.

	[Huawei]
	Data puncturing (muting) of the REs where the neighbouring cells transmit CSI-RS. The total overhead of data puncturing is FFS.

	[TI]
	RE puncturing at neighbour cells – same as the above.

	[Fujitsu]
	Data RE puncturing at neighbour cells. Overhead of data puncturing should be carefully investigated considering e.g. the number of CSI RS antenna ports.

	[CATT]
	FFS, same view as DoCoMo.

	[Samsung]
	FFS.  Data puncturing is one possibility, but the tradeoff between performance gain and legacy impact needs more investigation.

	[QCOM]
	Cell specific hopping should be considered as the main mechanism to avoid persistent CSI-RS collision patterns (problem w/ Rel-8 CRS). PDSCH puncturing to reduce interference for neighbor cells FFS.

	[Toshiba]
	Data puncturing could be a straightforward way at current stage but it sill need further studies on system performance.

	[LGE]
	FFS. Legacy UE performance should be further investigated due to additional RE puncturing.

	[Pana]
	Data puncturing as above.

	[RIM]
	FFS, Data puncturing is one possibility but impact to Rel-8 performance should be further studied

	[ZTE]
	FFS. Power boosting vs. data puncturing should be further evaluated. Meanwhile, we might need to determine first whether there is an upper-bound and, if yes, its value on the size of measurement set.

	[Ericsson]
	We need to avoid the pessimistic CQI problem, thus it should be possible to measure inter-cell interference based on CSI RS REs and the interference level seen should be a faithful representation of the interference level seen on PDSCH REs, even in low load situations. The use of subframe offsets provides one way of avoiding too frequent CSI RS to CSI RS collisions. In contrast, data puncturing seems to make it more difficult to measure the correct interference level on the PDSCH based on CSI RS REs.

	[ALU]
	Data puncturing with re-use patterns of 3, 6 or other values similar to the pattern of PRS design for OTDOA

	[NEC]
	Data puncturing should be considered.

	[IDCC]
	FFS

	[WOASiS]
	FDM and TDM for single cell, and CDM should be considered for multi-cell. Orthogonality should be held for the three cells within one site, and other cells should be quasi orthogonality, at least.

	[Philips]
	It may be necessary to consider separately the cases of synchronized and unsynchronized neighbour cells. 

Benefits of (quasi-)orthogonality may also depend on whether power boosting of CSI-RS is applied with respect to data symbols. 

Some further discussion of the problem may be needed, since there may be conflicting requirements: If it is important to measure interference accurately, then data puncturing is not helpful (as indicated by Ericsson). However, if it is desired to make channel measurements on adjacent cells (e.g. for ICIC or CoMP), then achieving inter-cell orthogonality would take priority ,

	[SHARP]
	As Ericsson pointed out, measurement of inter-cell interference for CQI should be investigated. Data puncturing for ICIC/CoMP is FFS.

	[MOT]
	FFS, Muting of data REs is one possibility.


	Observations:
Identified schemes:
· Muting/puncturing for neighbouring cells to achieve orthogonalization

Yes: Nokia/NSN, Huawei, TI, Fujitsu, Panasonic, ALU, NEC
FFS: DOCOMO, CATT, Samsung, Qualcomm, Toshiba, LGE, RIM, ZTE, Ericsson, IDCC, SHARP, Motorola
· CDM among cells: WOASiS

· Cell-specific hopping: Qualcomm
· Subframe offset among cells: Ericsson

( Majority thinks FFS at this stage.
Comments from companies:
· Impact of muting to Rel-8 UE should be considered.

· Muting enables better channel estimation of other cells, but makes it difficult to estimate interference level accurately.

· We should consider both synchronized and unsynchronized neighbour cells.

· We should consider if power boosting is utilized or not.

· We should avoid persistent collision of CSI-RS.
Proposal 8
· Continue investigation further considering the identified techniques and considerations above.


Q9. Which combinations of number of Rel-8 CRS (N_R8) and number of Rel-10 CSI-RS antenna ports (N_R10) should be allowed from the following sets?

(a) N_R10 = 1, N_R8 = 1


(b) N_R10 = 2, N_R8 = 1


(c) N_R10 = 2, N_R8 = 2


(d) N_R10 = 4, N_R8 = 1


(e) N_R10 = 4, N_R8 = 2


(f) N_R10 = 4, N_R8 = 4


(g) N_R10 = 8, N_R8 = 1


(h) N_R10 = 8, N_R8 = 2


(i) N_R10 = 8, N_R8 = 4
	Company
	Preference

	[docomo]
	CSI-RS support with N_R8 = 2 is most important scenario for us. Thus,

Yes: (c), (e), and (h)

FFS: others

	[Nokia/NSN]
	we think CSI-RS can be configured independently from CRS ports, though in our view, 2-CRS-ports is to be considered as baseline in practical scenarios

	[Huawei]
	Given a number of CSI-RS ports, the CSI-RS pattern is independent from the number of CRS ports. E.g. for 8 CSI-RS ports, there should be no difference in CSI-RS design in (g),(h) and (i).

	[TI]
	We believe that the original intention/motivation for CSI-RS is for the Rel-10 advanced DL-MIMO features, i.e. 8Tx SU-MIMO, enhanced MU-MIMO, and CoMP. Unfortunately, we still see too many uncertainties for enhanced MU-MIMO (the Rel-9 support for MU-MIMO based on CRS seems to be sufficient for the relevant antenna configurations, e.g. X X X X) and CoMP (whether advanced schemes or simple extension of ICIC is supported for Rel-10). Furthermore, the current Rel-8 CRS can be still utilized for measurements of up to 4 antenna ports. Hence, N_R10=8 seems to be the only easily justified configuration to be supported as there is no other alternative. 

· For 8Tx SU-MIMO, N_R8=4 is more natural as it allows R8 UEs to receive 4Tx transmission,

· N_R8=2 seems relevant for dual-layer BF (X X X X configuration) although this is supported in Rel-9 without CSI-RS. While we do not see a pressing need for this, it may be reasonable to support this option as well. For this configuration, it is then understood that CSI-RS can be “turned-off”.  

In short: (i), or at most (h) and (i), other configurations FFS

	[Fujitsu]
	(c),(e) and (h),(i)

	[CATT]
	(h), FFS on (i)  
For single cell SU/MU with 8 antenna ports, 8 new CSI-RSs shall be defined in Rel-10. Considering
i) coverage of PDCCH

ii) most UEs equipped with 2 Rx antennas

iii) application of spatial multiplexing

our preference is that at least 2 Rel-8 CRS shall be employed.

We don’t see much necessity of defining CSI-RS for systems with 4 ports or less, as these scenarios are already supported by Rel-8 CRS. In terms of Rel-8 CRS overhead, compared to CSI-RS (assuming 8 REs for 4 ports per 5 ms), only 12 extra REs (in PDSCH region) per 5ms in total for Rel-8 ports 3 and 4 are consumed.

	[Samsung]
	We share Nokia/NSN’s view that the CSI-RS can be independently configured from CRS ports.

	[QCOM]
	Agree with DoCoMo: cases (c), (e), (h) should be supported, other cases are FFS.

	[Toshiba]
	(h) and (i). Share TI’s view that the current Rel-8 CRS might be still employed for measurements of up to 4 antenna ports

	[LGE]
	we prefer to have same CSI-RS pattern irrespective of the CRS configuration except for the case in which the number of CRS ports is the same as that of CSI-RS ports. We believe that the CRS can be used as CSI-RS port if the number of RS ports is the same between CRS and CSI-RS.

(a), (c), and (f) : Rel-8 CRS ports are only configured

(e), (h), and (i) : can be considered as baseline in practical scenarios

(b), (d), and (g): FFS, the coverage of downlink control channel should be carefully investigated.



	[Pana]
	We prefer at least (c)(e)(h). Others are FFS but to reduce the combinations is preferable.

	[RIM]
	We feel that CSI-RS design is mainly targeting low mobility UE. So even for Rel-10 UE with high mobility, Rel-8 CRS may still be needed. Based on that consideration, there is no compelling reason at this stage to introduce N_R10=2,4, as that would certainly increase the complexity at UE. So our current preference is (i), and can consider (h) as well.

	[ZTE]
	From standard point of view, we think all combinations except (b), (d), and (g) should be considered. (b), (d), and (g) are ruled out because it does not make sense to make all control channel performances relying on single antenna port while multiple antenna available.

	[Ericsson]
	For 8 Tx it is clear we have to rely on the use of 8 Rel-10 CSI RS and at least 2 Rel-8 CRS needs to be supported, hence definitely (h). For the other configurations we need further study to actually compare the performance of a tentative Rel-10 CSI RS design with the alternative of Rel-8 CRS. However, to know what we should evaluate we need to first progress the CSI RS design further and we could thus proceed with designing CSI RS for the other combinations as well and then at a later stage decide which combinations are actually allowed.

	[ALU]
	The R-8 CRS and R-10  CSI-RS should be independent configured by the eNB.

	[NEC]
	Independent configuration of Rel-10 CSI-RS ports and Rel-8 CRS ports. So there may not be a need to rule out any configuration now (except for may be (a)). But we should prioritize (c), (e), (h), (i)

	[WOASiS]
	(c)(e)(h)(i)

	[Philips]
	Although not listed, it seems reasonable that an eNB should be able to use Release 10 transmission modes with only Release 8 CRS present (for up to 4 antennas).

Of the indicated options, (h) is definitely required. 

Further, it is not clear that there is any advantage in having any option where the number of Rel 10 ports is less than or equal to the number of Rel 8 ports (which rules out (a), (c) and (f)). Other possibilities FFS.

	[SHARP]
	At least (c), (e) and (h).

	[MOT]
	(e) (h) (i) can be considered first


	Observations:

(a) N_R10 = 1, N_R8 = 1:  ZTE
(b) N_R10 = 2, N_R8 = 1

(c) N_R10 = 2, N_R8 = 2: docomo, Fujitsu, Qualcomm, Panasonic, ZTE, NEC, WOASiS, SHARP
(d) N_R10 = 4, N_R8 = 1

(e) N_R10 = 4, N_R8 = 2: docomo, Fujitsu, Qualcomm, LGE, Panasonic, ZTE, NEC, WOASiS, SHARP, Motorola
(f) N_R10 = 4, N_R8 = 4: ZTE
(g) N_R10 = 8, N_R8 = 1

(h) N_R10 = 8, N_R8 = 2: docomo, TI, Fujitsu, CATT, Qualcomm, Toshiba, LGE, Panasonic, RIM, ZTE, Ericsson, NEC, WOASiS, Philips, SHARP, Motorola
(i) N_R10 = 8, N_R8 = 4: TI, Fujitsu, Toshiba, LGE, RIM, ZTE, NEC, WOASiS, Motorola
(Others) CSI-RS is independently configured from CRS ports : Nokia/NSN, Huawei, Samsung, ALU, NEC

(  All companies support (h) (N_R10, N_R8) = (8 CSI-RS, 2 CRS)
(  Several companies support (c)=(2 CSI-RS, 2 CRS), (e)=(4 CSI-RS, 2 CRS), (i)=(8 CSI-RS, 4 CRS)
(  Several companies support that CSI-RS should be configured independently from Rel-8 CRS. 
Comments from companies:
· Rel-8 CRS only configuration should be allowed.
· Combination with 2 Rel-8 CRS ports is important.
· Combination with 1 Rel-8 CRS port is not necessary.

· No CSI-RS is needed for 2 and 4 antenna ports because
· Rel-8 CRS ports can be reused
· Complexity at UE is increased
· Features of advanced MU-MIMO and CoMP schemes are not clear, yet.
· CSI-RS with 4 CRS ports imposes some design restrictions.

(e.g., less REs for CSI-RS causes more RS collisions among cells)
· CSI-RS should be configured with 4 Rel-8 CRS ports, because new functionalities (CSI-RS) should be developed while keeping the full support of the features of the past releases (Rel-8 CRS up to 4 ports).
· Support of Rel-8 CRS up to 4 ports are mandatory for the UE in Rel-8 LTE. Hence, there is no benefit of reducing the complexity of the UE by precluding any particular configurations allowed in Rel-8. Thus, independent configuration of CSI-RS from Rel-8 CRS is preferred.
(  Support all combinations (Independent configurations) or preclude certain combinations?


Q10. How many antenna ports per cell are assumed for CSI-RS design?
Alt1. 8
Alt2. 4 and 8
Alt3. 2, 4, and 8
Alt4. 1, 2, 4, and 8
Alt5. Others?

	Company
	Preference

	[docomo]
	Alt 3 is useful for further discussion

	[Nokia/NSN]
	Alt 3: 2, 4 and 8

	[Huawei]
	Alt 3

	[TI]
	Alt 1 is prioritized. Other configuration FFS (see answer of Q9. If we later find a good reason to support, e.g. 2 and 4 as well, it should be possible to derive the designs for the other configurations from the 8–port design)

	[Fujitsu]
	Alt1. We believe the configuration of antenna port 1, 2 and 4 per cell is considered for CoMP transmission. To realize CoMP, we may sacrifice non-CoMP UE performance if the number of antenna port is limited to 1, 2 or 4.

	[CATT]
	Alt 1

	[Samsung]
	Alt 3.

	[QCOM]
	Alt 3 as baseline, Alt 4 (single CSI-RS port, in addition to Alt 3) is FFS.

	[Toshiba]
	2, 4 and 8 (Alt3).

	[LGE]
	Alt 2, (FFS, 2Tx CSI-RS configuration)

	[Pana]
	Alt3 is preferable.

	[RIM]
	Alt 1

	[ZTE]
	Alt2. For 1 or 2 ports, R8 CRS will be reused for CSI measurement.

	[Ericsson]
	Particular prioritization of alt1 as for 8 Tx Rel-10 CSI RS is absolutely needed but we should also go on with designing for 2 and 4 and in meantime defer the decision on whether those configurations are supported, hence Alt3 should also be considered.

	[ALU]
	Alt3. with dynamic antenna configuration through higher layer signaling.

	[NEC]
	Alt 3.

	[IDCC]
	Alt1

	[WOASiS]
	Alt2.

	[Philips]
	Essentially in line with Ericsson. The possibility of no Release 10 CSI-RS should also be supported.

	[SHARP]
	Alt.3.

	[MOT]
	Alt 3 (4 and 8 ports as Rel-10 priority)


	Observations:
Alt 1 (8): TI, Fujitsu, CATT, IDCC, RIM
Alt 2 (4, 8): LGE, ZTE, WOASiS
Alt 3 (2, 4, 8): DOCOMO, Nokia/NSN, Huawei, Samsung, Qualcomm, Toshiba, Philips, Ericsson, ALU, NEC, SHARP, Motorola
( Majority prefer Alt3 while some companies doubt the need of 2 and 4 ports.
Comments from companies:
· Only CSI-RS of 8 ports are needed because need for CSI-RS of 2 and 4 ports are not clear.
· Design 2, 4, and 8 ports meantime, and decide later if we finally support 2 and 4 CSI-RS ports. 

· 8 CSI-RS should be prioritized.
Proposal 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.
· (Q9) Discuss two possible wayforwards:

· Alt1:  CSI-RS is configured independently from Rel-8 CRS.

· Alt2:  At least 8 CSI-RS and 2 Rel-8 CRS is possible configuration.

(NOTE: Alt1 does not necessary imply all combinations in Q9 are supported, e.g., if only 8 CSI-RS is supported, only combinations (g), (h), (i) are relevant.)


Appendix: Further discussion on Q9: Can we configure CSI-RS independently from Rel-8 CRS?
	Company
	Opinion

	[Samsung]
	In our view, the combination of the number of Rel-8 CRS antenna ports and the number of Rel-10 CSI-RS antenna ports should basically be the operator’s choice especially given that no fundamental problems prohibiting any particular combinations were found so far. Hence, we indicated that the CSI-RS can be independently configured from the CRS. 


	[Philips]
	I agree that it may be too early to prohibit particular combinations. As you say, there seems to be no strong need for this, although some complexity and testing issues might emerge later. 
With hindsight, perhaps Q9 could have been worded as “Which combinations of number of Rel-8 CRS (N_R8) and number of Rel-10 CSI-RS antenna ports (N_R10) should be supported from the following sets?”
In any case, the answers to Q9 could usefully be understood as indicating which combinations are of particular interest and should therefore be the focus of further study, rather than ruling anything out.


	[RIM]
	    Thanks for triggering this discussion from another angle. I agree with Tim that for this question Q9, it might be more beneficial to figure out which combinations are of particular interests and needs to be focused for further study. For other combinations, decisions could be made based on the necessity and benefits. The combinations of Rel-8 CRS and Rel-10 CSI-RS could be the choice of operators, but from terminal’s perspective, supporting all these combinations would certainly increase the complexity at UE, not to say that it is not clear at this stage some combinations may not bring substantial gains. 
  

	[TI]
	Similar to what Hua and Tim said, we started from the simplest/most urgent alternative (essentially (i)) and try to see if there is any need to add more flexibility and configurability. Thus far we see no good reason for adding such complexity. Our detailed reasoning is captured in the email discussion summary

	[Samsung]
	The support of up to 4TX transmission is mandatory for the UE in Rel-8 LTE. Hence, there is no benefit of reducing the implementation/testing complexity of the UE by precluding any particular configurations allowed in Rel-8. 

Based on the observation as above, it is quite clear to me that there is no value of precluding 4 CRS antenna ports or keeping it FFS. I would rather suggest concluding that all identified possible combinations of the number of the CRS antenna ports and the number of the CSI-RS antenna ports are allowed by the specification and that the exact combination is left for the operator’s choice. 

	[RIM]
	We agree with you as Rel-8 CRS would be supported anyway by Rel-10 UE, so all N_R8 options in the following list should be supported. The issue then is whether we need to introduce all N_R10 options and our view is that decision should be made based on benefits and deployment scenarios, as otherwise, even though it is an operator’s choice, Rel-10 UE will still have to implement and test all these combinations.

	[Qualcomm]
	I would like to point out that support of all or most combination of CSI-RS and CRS may also have some implications on CSI-RS design. As pointed out in the reply from QCOM to the email discussion (Q7) support of 4 CRS ports may imply higher reuse factor (hence higher collision rate) for CSI-RS and/or the need to spread CSI-RS of different cells across a larger number of subframes which has some drawbacks on its own (e.g. DRX duty cycle). Accounting for such a constraint may therefore lead to a different design (for instance, we may consider sharing OFDM symbols w/ UE-RS). Hence we should carefully assess the need to support (design for) all configurations, especially the need to simultaneously enable CSI-RS and 4 CRS ports.

	[Samsung]
	I think that we should be able to avoid the problem you pointed out with proper design and don’t think the existence of 4 CRS ports creates fundamental problems. 

In my view, it is more important that the specification allows possibility of having 4 CRS antenna ports when the CSI-RS exists as there will still be many Rel-8 LTE UEs that take benefit from 4 CRS antenna ports. 



	[ZTE]
	It seems to me there would be still two expected paths mentioned by the companies that do NOT want to support too many (if not all independent) combinations: One is that we focus certain important combinations for now and may come back later to other combinations if those are found benefitial. Here we have to maintain the possibilities in CSI-RS format to allow us extending the CSI-RS design to other combinations, in other words, we still need to consider other combinations (though might not as equally important as first-priority combinations) in current CSI-RS design; another path is what I get hint from Alex's email below, that is, we fully optimize the CSI-RS design for certain combinations (or I would say, we create or remove certain design constraints that is bound to certain combinations but not to others) in such a way that we may end up with very small or even no chance to extend to rest of combinations at a later time. For a clean design specification in standard, ZTE would prefer to the first path, i.e., keeping the possibility to extend to all combinations that are agreed to be useful in network operation evolution. 
  
Regarding to the concern on UE complexity, it is not quite clear to me what is the complexity saving if we reduce number of supported combinations. We seems already agree that 
a). Never do a mixed CSI measurement on both CRS and CSI-RS at the same time; 
b). As Juho pointed out, "support of up to 4TX transmission is mandatory for the UE in Rel-8 LTE" anyway. 
c). We never limit the choice on number of R10 antenna ports (for either CSI or non-CSI discussion). So far that number can still be any one within {1,2,4,8}.   
Therefore it seems clearly to me that 
        1) R10 UE needs to support measurement on 1 or 2 or 4 CRS ports because that is mandatory in Rel-8 LTE. 
        2) R10 UE needs to support R10 operations (including measurement) on up to 8 ports.   
Because we have to make R10 UE satisfy both 1) and 2), what is level of the UE complexity difference if we set to different number of combinations? 

In addition, at worst case, R10 UE needs to support N1 kinds of CSI measurement on CRS and N2 kinds of CSI measurement on CSI-RS, where N1<=3 (counting # of CRS ports 1,2,4) and N2<=4 (counting CSI-RS ports 1,2,4,8). Because UE never performs the mixed measurement, its complexity can be roughly measured by N1+N2, which indicates the number of different hardware circuits for CSI measurements inside UE. This number is less than the total number of combinations (9) in email discussion. So I think the number of antenna configuration combinations in Q9 does not directly relate to UE complexity.

	[Huawei]
	Whether to support the combination of 4 CRS ports with CSI-RS might not be the killing issue to continue the CSI-RS discussion. Q2 and Q7 could be solved earlier than prioritize a number of combinations of CRS and CSI-RS. We can provide a priority order of the whole list and leave the final choice to RAN4 based on the needed additional test cases.

In RAN1, the most urgent things seem to identify how many CSI-RS REs per PRB should be supported, and whether we have enough space to put those CSI-RSs to avoid some existing RSs in R8 and R9. As long as we can find enough REs to avoid collision of CSI-RS to CRS and few other RSs, it should be fine to leave the 4CRS support for later decision. 

Regarding Q7 (also pointed by Alex), we need to get a common understanding first on whether CSI-RS has to avoid the OFDM symbols of DM-RS (R9 and R10). Since there is no freq.-shift of DM-RS (R9-R10), there should be no difficulty to set CSI-RS FDMed with DM-RS within the same OFDM symbol. Not sure whether any company has some concern on that?

In addition to the two focus listed by Abe-San, we still think that Q8 (inter-cell CSI measurement) should have a higher priority as well. In spite of what CoMP category (ICIC enhancement, advanced CB/CS, JP; homogeneous network or heterogeneous network), multi-cell CSI measurements are needed anyway. It’d be good to consider the multi-cell orthogonality or randomization of CSI-RS for lower number of antennas per cell (e.g. 4) together with
 the single-cell 8tx antenna support at the same time, to avoid any repeated works in the future. After all, we don’t have too much flexibilities to choose the positions for CSI-RS, and we don’t want to generate a multi-cell specific CSI-RS on top of single-cell CSI-RS to avoid further collision in the future.
 Different operators may have different requirement on the cell spectrum efficiency enhancement with small number of antennas, or the peak throughput enhancement with large number of streams, both of which should be taken into account in LTE-A design.

	[Samsung]
	As I expressed in my previous emails, we don't see any fundamental issues in
designing CSI-RS when there are four CRS ports.
Different companies may have different preferences in their design, e.g.,some companies may prefer to design CSI-RS assuming that the number of CRS ports is limited to 2 at maximum. However, support of 4 CRS when the CSI-RS exists is a kind of requirement in further design process in our view. In my
understanding, 3GPP has been developing new functionalities while keeping the full support of the features of the past releases, which I think is a crucial reason for the continuous success of 3GPP.

	[ZTE]
	Regarding to Q7, if CSI-RS can be sent in the same symbols as R9/10 DMRS, very likely the power boosting of CSI-RS would be ruled out because it is not a good idea to borrow power from DMRS RE (since our assumption on DMRS is that the DMRS and data has the fixed power ratio?). However, I believe, as the email polling indicates, most of companies still think the techniques for inter-cell CSI-RS mapping is FFS (Q8), and such techniques should include data puncturing or CSI-RS power-boosting. Please note that here the CSI-RS power boosting could be understand as the general "soft puncturing" of data RE (lower data EPRE and increase CSI-RS EPRE). So I see one of disadvantages of sharing CSI-RS and DMRS in the same symbol could be the limitation on our study of inter-cell CSI-RS mapping which is still FFS now.

	[Huawei]
	Taking the example of 4 DMRS REs per PRB in one OFDM symbol, there are 8 REs left per PRB in this OFDM symbol. If take 4 REs for CSI-RS usage, mapping one CSI-RS port to one RE per PRB in this OFDM symbol, which permits one PA boost 4REs'power in the single RE assigned to its CSI-RS, i.e. 6dB power boosting.
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