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1
Introduction

During last RAN#69 plenary meeting it was agreed to continue work on NAICS in WI phase [1]. It was a common view of the companies involved in the SI work that impact on the UE and network implementation should be minimal and this point is highlighted also in WID. In particular, WI clearly asks to specify mechanisms for enhanced offloading with NAICS UE based on re-using Multiflow/Multicarrier functionalities relevant for offloading (RAN1, RAN2, RAN3), considering Single Carrier/Dual Carrier scenarios. 

During the RAN1#82bis meeting, companies discussed about several potential solutions and have arrived to the common understanding that the offloading solutions could be based on existing Multiflow functionality by re-using existing configurations such as SF-DC and DF-4C. In other words, a UE is configured first with the Multiflow operation, after which the implementation specific RRM algorithm inside RNC will decide when data should be sent over cells belonging to either serving or assisting Node B. With regards to the RNC offloading decisions, RAN1 WG has also concluded that it would be beneficial for RNC to know DL channel quality information (as perceived by a UE) so that the RNC can offload right UEs at right moments of time. RAN1 however did not progress further on the exact format and/or content of the channel information forwarded from Node B to RNC.

In this discussion paper we present our general considerations concerning potential content of the channel quality information that the RNC should ideally possess to make right offloading decisions. Furthermore, we provide some insight on the existing RAN3 measurement toolbox detailing further format of the channel quality information exchanged between Node B and RNC.

2
Channel quality information forwarding
2.1
Content of the channel quality information
During the RAN1#82bis meeting, companies discussed about potential content of the channel quality information sent from the Node B to RNC, whereupon proposed solutions varied from sending raw CQI values to just a single bit indicator. To our technical understanding, a single bit indicator has a number of limitations as it may eventually prevent RNC from choosing a right UE for offloading purposes. Generally speaking, an offloading decision inside RNC is a function of the assisting cell utilization factor versus serving cell utilization, versus the serving and assisting cell channel quality as perceived by a UE. As an example, if the assisting cell load is low, then it does not necessarily mean that RNC will offload a UE if the latter reports low CQI values (especially if the main serving cells are not fully loaded). As a result, if the assisting cell load is low and the serving cell load is high, then the RNC should consider only those UEs, which report relatively high channel quality information for the assisting cells.  
Proposal 1: RNC must have channel quality information for offloading decisions.
2.2
Format of the channel quality information
Referring to Proposal 1 above, one of the simplest and straightforward solutions would be to pass forward CQI index values as received by Node B from a UE over the HS-DPCCH channel, as for instance discussed in [2]. This is achievable, but has a few side issues:

· CQI index should be translated or mapped to another metric, such as achievable throughput or number of bits, so that it can be properly compared to load factors of other cells and their channel quality. This mapping function is intrinsic for Node B, but not for RNC.

· Referring to the point above, exact mapping of CQI index to a particular performance metric depends on a UE category. Again, this is what Node B already does as a part of its internal scheduling and RRM algorithms, which is not the case for RNC. 

· Somewhat referring forward to the RAN3 measurement toolbox, RNC can ask to average measured quantity and/or establish certain thresholds for event triggering. Using CQI index values could be technically obscure as they are discrete integer values with non-liner mapping between the CQI index and the corresponding performance. Furthermore, if Node B sends to RNC a list of CQI values, then event-based triggering will be almost impossible as the current toolbox does not allow to apply a triggering condition for non-scalar values.

· It also bears noting that secondary cells (secondary serving and assisting secondary serving) can be dynamically deactivated by Node B. In fact, referring to Multiflow configurations such as DF-3C/DF-4C, we highly anticipate that secondary cells of a particular Node B will be de-activated if RNC offloads data over another Node B. RNC is not aware of the fact when and how Node B deactivates cells and thus this should be ideally somehow abstracted from the RNC functionality.

· Finally, Multiflow operation can be combined with MIMO, HS-DPCCH format of which can alternate dynamically depending on whether it is a single or dual-stream transmission and whether a UE has a preference for a certain transmission type. Again, RNC functionality should be ideally abstracted from these details.

Referring to the list above, we suggest to forward channel quality information from Node B to RNC not in a form of "raw" CQI values, but rather in a form of transport block size value, which can be obtained by direct mapping from the corresponding tables in TS 25.214 sub-clause 6A.2.3 (see Annex A as an example). Such an approach allows for the same accuracy as a "raw" CQI value but also solves issues mentioned earlier. In particular, it will alleviate RNC from performing any mapping operations because the RNC will receive a transport block size value that can be easily translated into achievable performance and compared with other performance metrics. Furthermore, Node B can safely apply filtering and averaging rules for the transport block size following principles of the existing RAN3 measurement toolbox. Even though the transport block size is an integer value, its value range is quite broad, so rounding to the closest integer value will not compromise accuracy.

Proposal 2a: Report channel quality information as a transport block size value obtained from the corresponding mapping tables in TS 25.214.
Referring back to MIMO operation and possible single and dual-stream transmission, one way to hide these details from RNC is to provide a sum of transport block size values so that RNC receives just a single value. In fact, this approach can be extended even towards all the cells under the control of the same Node B i.e. Node B will report a single value as a sum of transport block sizes from all cells and all MIMO layers. 

Proposal 2b: The reported transport block size value is a sum of all transport block size values from all cells and MIMO layers.  

One of the remaining open questions is how to handle de-activated secondary cells. The brute-force approach is that if a cell is deactivated and Node B, as a result, does not receive any CQIs from this cell, then it is not accounted for in the reported performance metric. In fact, this would be logically similar to the inclusion of NULL value if "raw" CQIs were reported to RNC. Another approach is that Node B would try to approximate resulting performance as if the de-activated cell were actually active (e.g. by assuming the same performance as on the primary frequency and/or combining it with the last know CQI value from the de-activated cell). Yet another approach is that it is left for a particular Node B implementation. 

Proposal 2c: Discuss how de-activated secondary cells should be accounted for in channel quality information reports.
2.3
Other considerations
When a UE is configured with the Multiflow operation, which allows a UE to receive DL data from cells belonging to different sites, a UE still sends its UL feedback over a single HS-DPCCH channel. It may give an impression that it is enough that a serving Node B sends forward all the channel quality information that it receives from a UE. However, in case of DF-3C/4C configuration, each Node B can independently de-activate its secondary cells, whereupon the UE HS-DPCCH format changes. Since another Node B is not informed about these actions, it is not possible to assume that one particular Node B (e.g. the serving Node B) will be able to collect and send all the channel quality information to RNC. Instead, the overall framework must be so that RNC is able to ask independently serving and assisting Node B to report independently channel quality information for cells under their control. 

Proposal 3: Each Node B reports channel quality information only from the cells under its control (and the RNC must be able to ask each Node B independently for it).
3
Analysis of specification impact

In this section we provide some general considerations on how channel quality information forwarding can be implemented into the RAN3 framework with least specification impact. We also point out the fact that even though all the major changes will be constrained to the RAN3 specifications, there might be a need to introduce some measurement definitions into RAN1 specifications.

3.1
RAN3 specification impact

To report an aggregated value (or a set of separate values) from Node B to RNC, it is possible to re-use the existing dedicated measurement reporting framework and define a new Node B dedicated measurement type. It will allow RNC to inform Node B for which UE this measurement is needed as well as to provide additional information concerning reporting intensity, filtering etc. In fact, the existing framework already allows RNC to configure a particular measurement for a particular UE as a periodic or threshold triggered.

We present a below a coarse overview of changes that would be needed in TS 25.423 and TS 25.433 specifications. Annex B illustrates exemplary changes for a new dedicated measurement type as a single aggregated value reported from Node B to RNC. The minimum required changes are:

· A new dedicated measurement type “DL aggregated transport block size” in the dedicated measurement procedures and its applicability to different event types.

· A new dedicated measurement reporting configuration in IE “Dedicated Measurement Type”.

· A new dedicated measurement reporting in the existing IE “Dedicated Measurement Value”. 

What should be additionally discussed in RAN3 is which report characteristic types will be applicable to a new dedicated measurement. Our view is that “periodic” and “on-demand” should be the minimum baseline. However, as RAN1 also discussed about some form of the event-triggered approach, RAN3 should also decide whether some events should be also applicable. If event-based triggering principle is allowed for a new dedicated measurement type, then event A and event B should be quite straightforward to adopt i.e. the measured value becomes larger/smaller than a measurement threshold.
Proposal 4a: Introduce a new dedicated measurement type to report channel quality information.

Proposal 4b: Discuss and agree which report characteristic types should be applicable to a new measurement type.

3.2 RAN1 specification impact

In principle, as elaborated above all the major specification impact is limited only to RAN3. However, there are a few dedicated measurements in RAN3 toolbox, which are quite specific to RAN3 and as a result definitions of which are in other specifications; one example is the UPH reporting definition of which is not captured in RAN3. Thus, RAN1 as a leading group should decide where to capture a definition for a new Node B measurement. If there is a preference to omit completely RAN1 specification impact, then a definition for a new measurement type should be captured in RAN3. 
Proposal 5: Discuss whether a definition for a new measurement should be captured in RAN1 or RAN3 specifications.
4
Conclusions

In this discussion paper we have further elaborated on implementation aspects of channel quality information forwarding from Node B to RNC, which is needed  for the offloading decisions inside RNC. As a summary of our considerations, we propose to:
Proposal 1: RNC must have channel quality information for offloading decisions.
Proposal 2a: Report channel quality information as a transport block size value obtained from the corresponding mapping tables in TS 25.214.
Proposal 2b: The reported transport block size value is a sum of all transport block size values from all cells and MIMO layers.  

Proposal 2c: Discuss how de-activated secondary cells should be accounted for in channel quality information reports.

Proposal 3: Each Node B reports channel quality information only from the cells under its control (and the RNC must be able to ask each Node B independently for it).

Proposal 4a: Introduce a new dedicated measurement type to report channel quality information.

Proposal 4b: Discuss and agree which report characteristic types should be applicable to a new measurement type.

Proposal 5: Discuss whether a definition for a new measurement should be captured in RAN1 or RAN3 specifications.
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Annex A: Sample CQI mapping tables from TS 25.214

Table 7A: CQI mapping table A.

	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment 
	NIR
	Xrv

	0
	N/A
	Out of range

	1
	137
	1
	QPSK
	0
	9600
	0

	2
	173
	1
	QPSK
	0
	
	

	3
	233
	1
	QPSK
	0
	
	

	4
	317
	1
	QPSK
	0
	
	

	5
	377
	1
	QPSK
	0
	
	

	6
	461
	1
	QPSK
	0
	
	

	7
	650
	2
	QPSK
	0
	
	

	8
	792
	2
	QPSK
	0
	
	

	9
	931
	2
	QPSK
	0
	
	

	10
	1262
	3
	QPSK
	0
	
	

	11
	1483
	3
	QPSK
	0
	
	

	12
	1742
	3
	QPSK
	0
	
	

	13
	2279
	4
	QPSK
	0
	
	

	14
	2583
	4
	QPSK
	0
	
	

	15
	3319
	5
	QPSK
	0
	
	

	16
	3565
	5
	16-QAM
	0
	
	

	17
	4189
	5
	16-QAM
	0
	
	

	18
	4664
	5
	16-QAM
	0
	
	

	19
	5287
	5
	16-QAM
	0
	
	

	20
	5887
	5
	16-QAM
	0
	
	

	21
	6554
	5
	16-QAM
	0
	
	

	22
	7168
	5
	16-QAM
	0
	
	

	23
	7168
	5
	16-QAM
	-1
	
	

	24
	7168
	5
	16-QAM
	-2
	
	

	25
	7168
	5
	16-QAM
	-3
	
	

	26
	7168
	5
	16-QAM
	-4
	
	

	27
	7168
	5
	16-QAM
	-5
	
	

	28
	7168
	5
	16-QAM
	-6
	
	

	29
	7168
	5
	16-QAM
	-7
	
	

	30
	7168
	5
	16-QAM
	-8
	
	


Table 7G: CQI mapping table G.

	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment 
	NIR
	XRV

	0
	N/A
	Out of range

	1
	136
	1
	QPSK
	0
	43200
	0

	2
	176
	1
	QPSK
	0
	
	

	3
	232
	1
	QPSK
	0
	
	

	4
	320
	1
	QPSK
	0
	
	

	5
	376
	1
	QPSK
	0
	
	

	6
	464
	1
	QPSK
	0
	
	

	7
	648
	2
	QPSK
	0
	
	

	8
	792
	2
	QPSK
	0
	
	

	9
	928
	2
	QPSK
	0
	
	

	10
	1264
	3
	QPSK
	0
	
	

	11
	1488
	3
	QPSK
	0
	
	

	12
	1744
	3
	QPSK
	0
	
	

	13
	2288
	4
	QPSK
	0
	
	

	14
	2592
	4
	QPSK
	0
	
	

	15
	3328
	5
	QPSK
	0
	
	

	16
	3576
	5
	16-QAM
	0
	
	

	17
	4200
	5
	16-QAM
	0
	
	

	18
	4672
	5
	16-QAM
	0
	
	

	19
	5296
	5
	16-QAM
	0
	
	

	20
	5896
	5
	16-QAM
	0
	
	

	21
	6568
	5
	16-QAM
	0
	
	

	22
	7184
	5
	16-QAM
	0
	
	

	23
	9736
	7
	16-QAM
	0
	
	

	24
	11432
	8
	16-QAM
	0
	
	

	25
	14424
	10
	16-QAM
	0
	
	

	26
	15776
	10
	64-QAM
	0
	
	

	27
	21768
	12
	64-QAM
	0
	
	

	28
	26504
	13
	64-QAM
	0
	
	

	29
	32264
	14
	64-QAM
	0
	
	

	30
	38576
	15
	64-QAM
	0
	
	


Annex B: Exemplary changes in TS 25.433

8.3.8.4
Abnormal Conditions

The allowed combinations of the Dedicated Measurement Type and Report Characteristics Type are shown in the table below marked with "X". For not allowed combinations, the Node B shall regard the Dedicated Measurement Initiation procedure as failed.

Table 4: Allowed Dedicated Measurement Type and Report Characteristics Type combinations

	Dedicated Measurement Type
	Report Characteristics Type

	
	On Demand
	Periodic
	Event A
	Event B
	Event C
	Event D
	Event E
	Event F
	On Modification

	SIR
	X
	X
	X
	X
	X
	X
	X
	X
	

	SIR Error
	X
	X
	X
	X
	X
	X
	X
	X
	

	Transmitted Code Power
	X
	X
	X
	X
	X
	X
	X
	X
	

	RSCP
	X
	X
	X
	X
	X
	X
	X
	X
	

	Rx Timing Deviation
	X
	X
	X
	X
	
	
	X
	X
	

	Round Trip Time
	X
	X
	X
	X
	X
	X
	X
	X
	

	Rx Timing Deviation LCR
	X
	X
	X
	X
	
	
	X
	X
	

	HS-SICH reception quality
	X
	X
	X
	X
	
	
	X
	X
	

	Best Cell Portions
	X
	X
	
	
	
	
	
	
	

	Angle Of Arrival LCR
	X
	X
	
	
	
	
	
	
	

	Rx Timing Deviation 7.68Mcps
	X
	X
	X
	X
	
	
	X
	X
	

	Rx Timing Deviation 3.84Mcps Extended
	X
	X
	X
	X
	
	
	X
	X
	

	Best Cell Portions LCR
	X
	X
	
	
	
	
	
	
	X

	AOA per Cell Portion LCR
	X
	X
	
	
	
	
	
	
	

	UE transmission power headroom
	X
	X
	
	X
	
	
	
	X
	

	DL aggregated transport block size
	X
	X
	
	
	
	
	
	
	


9.2.1.23
Dedicated Measurement Type

The Dedicated Measurement Type identifies the type of measurement that shall be performed.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Dedicated Measurement Type
	
	
	ENUMERATED (

SIR,

SIR Error,

Transmitted Code Power,

RSCP,

Rx Timing Deviation,

Round Trip Time,
…,

Rx Timing Deviation LCR, 

Angle Of Arrival LCR,

HS-SICH reception quality, 

Best Cell Portions, Rx Timing Deviation 7.68Mcps,

Rx Timing Deviation 3.84 Mcps Extended, Best Cell Portions LCR,

AOA per Cell Portion LCR, UE transmission power headroom, DL aggregated transport block size)
	"RSCP" and "HS-SICH reception quality" are used by TDD only.

"Rx Timing Deviation" and "Rx Timing Deviation 3.84 Mcps Extended" are used by 3.84Mcps TDD only.

"Rx Timing Deviation LCR", "Angle Of Arrival LCR" are used by 1.28Mcps TDD only.

"Round Trip Time", "SIR Error" are used by FDD only.
“Best Cell Portions” is used by FDD only. 
“Best Cell Portions LCR” is used by 1.28Mcps TDD only.
"Rx Timing Deviation 7.68Mcps" is used by 7.68Mcps TDD only.

"UE transmission power headroom" is used by FDD, 1.28Mcps TDD, 3.84Mcps TDD and 7.68Mcps TDD.

	Note:
For definitions of the measurement types refer to TS 25.215 [4] and TS 25.225 [5].


9.2.1.24
Dedicated Measurement Value

The Dedicated Measurement Value shall be the most recent value for this measurement, for which the reporting criteria were met.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	CHOICE Dedicated Measurement Value
	M
	
	
	
	–
	

	>SIR Value
	
	
	
	
	
	

	>>SIR Value
	M
	
	INTEGER (0..63)
	According to mapping in TS 25.133 [22] and TS 25.123 [23]
	–
	

	>SIR Error Value
	
	
	
	FDD only
	
	

	>>SIR Error Value
	M
	
	INTEGER (0..125)
	According to mapping in TS 25.133 [22]
	–
	

	>Transmitted Code Power Value
	
	
	
	
	
	

	>>Transmitted Code Power Value
	M
	
	INTEGER (0..127)
	According to mapping in TS 25.133 [22] and TS 25.123 [23].

Values 0 to 9 and 123 to 127 shall not be used.
	–
	

	>RSCP
	
	
	
	TDD only
	
	

	>>RSCP
	M
	
	INTEGER (0..127)
	According to mapping in TS 25.123 [23]
	–
	

	>Rx Timing Deviation Value
	
	
	
	Applicable to 3.84Mcps TDD only
	
	

	>>Rx Timing Deviation
	M
	
	INTEGER (0..8191)
	According to mapping in TS 25.123 [23]
	–
	

	>Round Trip Time
	
	
	
	FDD only
	
	

	>>Round Trip Time
	M
	
	INTEGER (0..32767)
	According to mapping in TS 25.133 [22]
	–
	

	>Additional Dedicated Measurement Values
	
	
	
	See  Note 1.
	
	

	>>Rx Timing Deviation Value LCR
	
	
	
	Applicable to 1.28Mcps TDD only
	
	

	>>>Rx Timing Deviation LCR
	M
	
	INTEGER (0..511)
	According to mapping in TS 25.123 [23]
	YES
	reject

	>>Angle Of Arrival Value LCR
	
	
	
	Applicable to 1.28Mcps TDD only
	
	

	>>>AOA Value LCR
	
	1
	
	
	YES
	reject

	>>>>AOA LCR
	M
	
	INTEGER (0..719)
	According to mapping in TS 25.123 [23]
	–
	

	>>>>AOA LCR Accuracy Class
	M
	
	ENUMERATED (

A, B, C, D, E, F, G, H,...)
	According to mapping in TS 25.123 [23]
	–
	

	>>HS-SICH Reception Quality
	
	
	
	Applicable to TDD only
	
	

	>>>HS-SICH Reception Quality Value 
	
	1
	
	
	YES
	reject

	>>>>Failed HS-SICH
	M
	
	INTEGER (0..20)
	According to mapping in TS 25.123 [23]
	–
	

	>>>>Missed HS-SICH 
	M
	
	INTEGER (0..20)
	According to mapping in TS 25.123 [23]
	–
	

	>>>>Total HS-SICH
	M
	
	INTEGER (0..20)
	According to mapping in TS 25.123 [23]
	–
	

	>>>>Failed HS-SICH LCR extension
	O
	
	INTEGER (0..20)
	According to mapping in TS 25.123 [23]

Mandatory for LCR TDD when there are more than 20 failed HS-SICH 
	YES
	reject

	>>>>Missed HS-SICH LCR extension
	O
	
	INTEGER (0..20)
	According to mapping in TS 25.123 [23]

Mandatory for LCR TDD when there are more than 20 missed HS-SICH
	YES
	reject

	>>>>Total HS-SICH LCR extension
	O
	
	INTEGER (0..20)
	According to mapping in TS 25.123 [23]

Mandatory for LCR TDD when there are more than 20 total HS-SICH
	YES
	reject

	>>Best Cell Portions
	
	
	
	FDD only
	
	

	>>>Best Cell Portions
	M
	
	9.2.2.1Ba
	
	YES
	reject

	>>Rx Timing Deviation Value 7.68Mcps
	
	
	
	Applicable to 7.68Mcps TDD only
	
	

	>>>Rx Timing Deviation 7.68Mcps 
	M
	
	INTEGER (0..65535)
	According to mapping in TS 25.123 [23]
	YES
	reject

	>>Rx Timing Deviation Value 3.84Mcps Extended
	
	
	
	Applicable to 3.84Mcps TDD only
	
	

	>>>Rx Timing Deviation 3.84Mcps Extended
	M
	
	INTEGER (0..32767)
	According to mapping in TS 25.123 [23]
	YES
	reject

	>>Extended Round Trip Time
	
	
	
	FDD only
	
	

	>>>Extended Round Trip Time Value
	M
	
	INTEGER (32767..103041)
	Continuation of intervals with step size as defined in TS 25.133 [22].
	YES
	reject

	>>Best Cell Portions LCR
	
	
	
	1.28Mcps TDD only
	
	

	>>>Best Cell Portions LCR
	M
	
	9.2.3.105
	
	YES
	reject

	>>AOA per Cell Portion LCR
	
	
	
	1.28Mcps TDD only
	
	

	>>>AOA per Cell Portion LCR
	M
	
	9.2.3.124
	
	YES
	reject

	>>UE transmission power headroom
	
	
	
	
	
	

	>>>UE transmission power headroom
	M
	
	INTEGER (0..31)
	According to mapping in TS 25.133 [22] and TS 25.123 [23].
	YES
	reject

	>>DL aggregated transport block size
	
	
	
	
	
	

	>>>DL aggregated transport block size
	M
	
	INTEGER (0..XXX)
	
	YES
	reject

	Note 1:
This information element is a simplified representation of the ASN.1. The choice is performed through the use of a ProtocolIE-Single-Container and a ProtocolExtensionContainer within the ASN.1.


