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Introduction
A new work item on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73.
One of the work item objectives is the definition of alternative mappings of blind physical layer transmissions for packet data traffic channels in extended coverage assigned to a higher coverage class. With the alternative mappings, it should be possible to support higher coverage classes with 2 consecutive PDCH resource allocation.
This contribution provides high level design aspects for introducing alternative coverage class mappings in packet transfer mode. Moreover, applicable use cases for alternative coverage class mappings are presented, physical layer changes addressed and link layer aspects in regard to the setup of the new packet data traffic channels as well as their multiplexing with existing packet data traffic channels analysed. 

Design overview 
As part of the work item, new mappings for EC-PDTCH and EC-PACCH logical channels onto physical channels will be defined, where the blind physical layer transmissions are mapped onto 2 consecutive PDCH resources within a TDMA frame with further blind physical layer transmissions mapped across TDMA frames. The concept design is further detailed in this section.
New mappings for EC-PDTCH and EC-PACCH for higher coverage classes with 2 PDCHs
New logical channels for higher coverage classes with 2 PDCH resources for packet data channels, denoted EC-PDTCH/2TS, and for packet associated control channel, denoted EC-PACCH/2TS, are introduced as described in Table 1. The mappings are applicable for both uplink and downlink.
	Alternative CC mapping 
	PDTCH channel type
	PACCH channel type

	CC2-2TS
	EC-PDTCH/2TS/MCS-1/4
	EC-PACCH/2TS/4

	CC3-2TS
	EC-PDTCH/2TS/MCS-1/8
	EC-PACCH/2TS/8

	CC4-2TS
	EC-PDTCH/2TS/MCS-1/16
	EC-PACCH/2TS/16


Table 1: Proposed alternative mappings for higher coverage classes.
The number of blind physical layer transmissions is not modified in the new mappings compared to the mappings specified in Rel-13. The only difference to Rel-13 mappings is that the blind physical layer transmissions are using 2 consecutive PDCH resources instead of 4 consecutive PDCH resources within a TDMA frame. To maintain the same number of transmissions with reduced number of PDCHs, i.e. timeslots, the BTTI corresponding to the transmission time of radio blocks of a particular higher coverage class is doubled compared to Rel-13, which is depicted in Table 2.
	Higher Coverage Class
	BTTI for EC-PDTCH/2TS and          EC-PACCH/2TS (Rel-14)
	BTTI for EC-PDTCH and     EC-PACCH (Rel-13)

	2
	40 ms
	20 ms

	3
	80 ms
	40 ms

	4
	160 ms
	80 ms


Table 2: Comparison of BTTI for alternative mappings against Rel-13 mappings.
The BTTI is increased versus mappings specified for Rel-13, although in all but one case it is still lower than that of BTTI of CC4 specified in Rel-13. On the other side the increased TTI provides higher time diversity for the initial message transmission. Thus the overall impact on latency by introduction of the alternative mappings is considered rather limited. A latency assessment for the alternative mappings is provided in [2]. 
The radio block structure for the proposed alternative mappings for higher coverage classes is given in Figure 1.
[image: ]
Figure 1: Alternative mapping of higher CCs to physical channels.
It is observed that an integer number of radio blocks for CC2-2TS (i.e. 6 radio blocks) and for CC3-2TS (i.e. 3 radio blocks) fits into one 52-multiframe, whilst for CC4-2TS an integer number of radio blocks (i.e. 3 radio blocks) fits into 2 successive 52-multiframes. 
It is proposed to agree working assumption 1:  
	WA 1: Alternative Coverage Class mappings as defined in section 2.1 will be specified for DL and UL in Rel-14.



Deployment scenarios for usage of alternative CC mappings
Alternative coverage class mappings are expected to be used by the network in following scenarios.
· Scenario 1: 
In this case the network choses to allocate only 2 consecutive PDCH resources for EC operation in connected mode, hence only EC-PDTCH/2TS traffic channels will be supported in a cell. In this case a Rel-13 MS in a higher DL and/or UL coverage class requiring 4 consecutive PDCHs should be redirected to another cell based on appropriate configuration of the cell reselection and coverage class parameters in EC System Information. To allow Rel-14 MS, supporting 2 consecutive PDCH allocation, to access the cell at the same time, a change of EC System Information parameters controlling the access of both Rel-13 and Rel-14 MSs is required. More details are given in section 2.3.
· Scenario 2: 
In this case the network choses to allocate 4 consecutive PDCH resources for EC operation in connected mode in a cell and the Rel-14 MS only supports 2 PDCHs allocation for higher coverage classes for reduced complexity reasons. In this case even though the cell has resources for EC operation with 4 PDCHs, it shall assign only EC-PDTCH/2TS to such MS. In this case, the Rel-14 MS needs to indicate its PDCH capability via EC Packet Channel Request message, so that the network can allocate the appropriate number of PDCH resources. In this case, the cell should be able to multiplex (E)GPRS, EC-GSM-IoT Rel-13 MS in CC1, EC-GSM-IoT Rel-13 MS in higher CCs using 4 PDCHs, EC-GSM-IoT Rel-14 MS in CC1 and EC-GSM-IoT Rel-14 MS in higher CCs using 2 PDCHs in the same set of PDCH resources for EC operation. In addition the setting of EC System Information parameters controlling the access of both Rel-13 and Rel-14 MSs and the multiplexing of these MSs needs to be ensured. More details are given in section 2.4. 
· Scenario 3: 
In this case the network choses to allocate 4 consecutive PDCH resources for EC operation in connected mode and to dynamically assign limited, i.e. 2 consecutive PDCH resources, for EC operation, for instance depending on the non EC-GSM-IoT related traffic load in a specific cell. The cell supports traffic channels in higher coverage classes based on both 4 PDCH and 2 PDCH allocations at the same time and the Rel-14 MS supports 4 PDCH and 2 PDCH allocation for higher coverage classes. In this case, the cell should be able to multiplex (E)GPRS, EC-GSM-IoT Rel-13 MS in CC1, EC-GSM-IoT Rel-13 MS in higher CCs using 4 PDCHs, EC-GSM-IoT Rel-14 MS in CC1 and EC-GSM-IoT Rel-14 MS in higher CCs using 2 or 4 PDCHs in the same set of PDCH resources for EC operation. In addition the setting of EC System Information parameters controlling the access of both Rel-13 and Rel-14 MSs and the multiplexing of these MSs needs to be ensured. More details are given in section 2.5.
It is proposed to agree working assumption 2: 
	WA 2: All three scenarios listed above will be analysed and specification support for all of them is targeted. 



Restricting the MS access to base stations with reduced number of PDCHs (Scenario 1)
If the network has only allocated 2 consecutive PDCH resources for EC operation, the Rel-13 MS with a higher DL and/or UL selected coverage class, which is only capable of EC operation based on 4 PDCH allocation shall not be allowed to access this cell for EC TBF establishment.
This can be achieved by setting the cell reselection parameters and the DL and UL coverage class threshold parameters of EC SI 2 accordingly. To allow EC operation in a higher coverage class based on 2 PDCH resources in a cell, corresponding new coverage class threshold parameters need to be added in EC SI 2 or alternatively a new EC SI instance needs to be defined.
The setting of these access parameters is shown in Table 3. 
	Rel-13 Parameters in EC SI 2
	Setting

	EC_RXLEV_ACCESS_MIN
	Defines the cell selection behaviour of the MS (Rel-13). It needs to be set equal to BT_Threshold_DL to require that this MS only performs a system access in CC1.

	BT_Threshold_DL
	Defines the operation range for CC1 in DL. This parameter is supposed to not need any adjustment compared to Rel-13 networks.

	CC2_Range_DL
	Defines the operation range for CC2 in DL. It is set to 0 (not used).  

	CC3_Range_DL
	Defines the operation range for CC3 in DL. It is set to 0 (not used).

	BT_Threshold_UL
	Defines the operation range for CC1 in UL. This parameter is supposed to not need any adjustment.

	CC2_Range_UL
	Defines the operation range for CC2 in UL. It is set to 0 (not used. 

	CC3_Range_UL
	Defines the operation range for CC3 in UL. It is set to 0 (not used).  

	DL_CC_SELECTION
	It is set to RXLEV based DL coverage class selection.

	New EC-SI parameters (Rel-14)

	EC_RXLEV_ACCESS_MIN_2
	Defines the cell selection behaviour of the Rel-14 MS and overwrites the EC_RXLEV ACCESS_MIN parameter of Rel-13. It needs to be adjusted to the performance of the highest alternative CC mapping used in the cell (e.g. CC4-2TS, CC3-2TS or CC2-2TS)

	CC2-2TS Range_DL
	Defines the operation range for CC2-2TS in DL. It needs to be set accordingly. 

	CC3-2TS Range_DL
	Defines the operation range for CC3-2TS in DL. It needs to be set accordingly.

	CC2-2TS Range_UL
	Defines the operation range for CC2-2TS in UL. It needs to be set accordingly. 

	CC3-2TS Range_UL
	Defines the operation range for CC3-2TS in UL. It needs to be set accordingly.

	DL_CC_SELECTION
	It is set to either RXLEV or SINR based DL coverage class selection.


Table 3: Setting of EC SI2 parameter setting (Scenario 1).
It is noted that the settings of the EC_RXLEV_ACCESS_MIN and BT_Threshold_UL parameters in this case need to be done with caution to avoid a channel access using a higher coverage class in UL by the Rel-13 MS. 
It is proposed to agree working assumption 3: 
	WA 3: For supporting scenario 1, changes to EC SI are required in order to include additional parameters for cell selection and DL/UL coverage class selection which can be interpreted by a Rel-14 capable MS only. These changes allow Rel-14 capable MS to access the base station with restricted PDCH resources when in a higher coverage class, whereas the Rel-13 capable MS will attempt for cell reselection for the same coverage condition. 



Multiplexing of downlink channels between EC TBF’s with 4 PDCHs and 2 PDCHs (Scenario 2 and Scenario 3)
When EC TBFs with 2 PDCHs and EC TBF with 4 PDCHs are multiplexed in the same set of PDCH resources on downlink, the different mappings impact the decoding of downlink radio blocks and also the downlink monitoring for a TBF based on the used DL coverage class information carried in the RLC/MAC header. As uplink resource allocation is based on exclusive fixed uplink allocation, it is possible to multiplex uplink channels of MSs with different PDCH allocations without any additional impacts.
Impacts to downlink decoding for a Rel-14 MS in higher coverage class performing EC TBF monitoring with 2 PDCHs
A Rel-14 capable MS in a higher coverage class assigned an  EC TBF with 2 PDCHs, will attempt to decode the radio blocks as per the block structure defined for the 2 PDCH mapping in downlink in Figure 1. In this case when radio blocks mapped to 4 PDCHs for a Rel-13 MS in a higher coverage class are scheduled using the same PDCH resources, the decoding capability is given in Table 4.
	
Monitoring Rel-14 MS using alternative CC mappings
	RLC block addressed to MS using normal mappings (Rel-13)

	
	CC2
	CC3
	CC4

	CC2-2TS
	No
	Yes
	Yes

	CC3-2TS
	No
	No
	Yes

	CC4-2TS
	No
	No
	No


Table 4: Decoding capability of radio blocks mapped to 4 PDCHs for a Rel-14 MS using 2 PDCHs.
As per Table 4, a MS assigned a DL coverage class CC2-2TS can decode radio blocks sent using CC3 and CC4. A MS assigned a coverage class CC3-2TS can decode radio blocks sent using CC4 only. A MS assigned CC4-2TS cannot decode any of the radio blocks sent using 4 PDCH mapping.
In case the RLC block cannot be decoded, the situation is comparable to a Rel-13 network when radio blocks using a lower coverage class than the selected CC of the monitoring MS are received, which will also result in a block decoding failure. The partial decoding capability impacts rather on the power saving extent of the Rel-14 MS, which is reduced to those cases where decoding of Rel-13 coverage classes is possible.    
Impacts to downlink decoding for a Rel-13 MS in higher coverage class performing EC TBF monitoring with 4 PDCHs
A MS in higher coverage class assigned a EC TBF with 4 PDCHs, will attempt to decode radio blocks using the block structure defined for 4 PDCH mapping in TS 45.002. If radio blocks using 2 PDCHs mapping are scheduled on these time slots, this MS will not be able to decode the block because when it attempts to IQ combine the blind physical layer transmissions in the 4 consecutive PDCHs, it will combine radio blocks belonging to different EC TBFs which hence will result in a block decoding failure. The block decoding capability for this case is shown in Table 5. 
	
Monitoring Rel-13 MS using normal CC mappings
	RLC block addressed to Rel-14 MS using alternative CC mappings

	
	CC2-2TS
	CC3-2TS
	CC4-2TS

	CC2
	No
	No
	No

	CC3
	No
	No
	No

	CC4
	No
	No
	No


Table 5: Decoding capability of radio blocks mapped to 2 PDCHs for a Rel-13 MS using 4 PDCHs.
As per the above analysis, when Rel-14 MS with 2 PDCH mapping is multiplexed with Rel-13 MS, the MS with 2 PDCH mapping is not decodable by the Rel-13 MS.
This problem is similar to the case in a Rel-13 network when radio blocks using CC1 are scheduled on some of the PDCHs and a MS using CC2, CC3 or CC4 is listening to these PDCHs and attempting to decode the radio blocks, which will also result in a block decoding failure. Hence the power saving extent of the Rel-13 MS is impacted due to the non-decodability of Rel-14 alternative CC mappings.   
Impacts to downlink decoding for CC1 MS performing EC TBF monitoring in 1 PDCH
When a Rel-13 or Rel-14 MS assigned CC1 is multiplexed with a higher coverage class MS using 2 PDCH mapping or 4 PDCH mapping, it can still decode the radio blocks of any of the higher coverage classes. The MS in CC1 uses the DL CC parameter in the RLC/MAC header to decide on the number of radio blocks to be skipped for further downlink monitoring. This functionality is not impacted when alternative mapping schemes are used for higher coverage classes as depicted below for a Rel-13 and a Rel-14 MS. 
· For a Rel-13 MS in CC1, the number of radio blocks which it skips is derived from the DL CC based on Rel-13 higher coverage class mappings. For instance if a Rel-13 MS in CC1 decodes the DL radio block sent using CC4-2TS, it reads CC4 and assumes that only this radio block and the consecutive 3 blocks carry the same information and will listen again on the downlink after 3 * 20 ms radio blocks. But as per CC4-2TS mapping, the block transmission is extended to 8 radio blocks. Hence the MS will again attempt to read the downlink block which belongs to the same CC4-2TS EC TBF and will after successful decoding of the 20 ms radio block again read CC4 and suspend reception for the next 3 radio blocks. Hence a CC4-2TS EC TBF is interpreted as two successive EC TBFs by the Rel-13 MS in CC1.
· For a Rel-14 MS in CC1, this behaviour can be enhanced by inclusion of an additional bit in the downlink RLC/MAC header to indicate whether the DL radio block uses 2 PDCH or 4 PDCH mapping. Based on this information the MS can identify the correct number of radio blocks to be skipped based on the DL CC parameter.
The interpretation of the DL CC parameter by the Rel-13 and Rel-14 capable MS in CC1, respectively, for the determination of the number of radio blocks to be skipped is given in Table 6. The Rel-14 MS uses the DL CC parameter and the additional discriminator (1 bit) to decide whether 4 PDCH or 2 PDCH mapping is applied for radio blocks belonging to a higher coverage class and hence achieves higher amount of power saving.
	

Monitoring MS 
	RLC block addressed to Rel-14 MS using alternative CC mappings

	
	CC2-2TS
	CC3-2TS
	CC4-2TS

	CC1 (Rel-13)  (Note 1)
	0
	1
	3

	CC1 (Rel-14)  
	1
	3
	7


Table 6: Determination of number of radio blocks for skipped reception based on DL CC (MS in CC1)
Note 1: The values also apply to a Rel-14 MS in CC1, in case the RLC block is addressed to a Rel-13 MS in higher coverage class using 4 PDCHs and the detection is based on the discriminator bit in the RLC/MAC header.
Summary
It is possible to multiplex Rel-13 EC TBFs, using 4 PDCHs, and Rel-14 TBFs, using only 2 PDCHs, for MSs in a higher coverage class in the same set of PDCH resources without any negative impact to downlink reception. Thus we propose working assumption 4:
	WA 4: The link layer procedures allows multiplexing of EC TBFs mapped to 4 PDCHs and EC TBFs mapped to 2 PDCHs, which are specified for a MS in higher coverage class for normal and alternative CC mappings. To this purpose downlink RLC/MAC header is modified to include an indication for the used EC TBF PDCH mapping (2 PDCH or 4 PDCH) allocation.



MS capability indication 
In case the cell supports multiplexing of EC TBFs mapped to both 2 PDCH and 4 PDCH, for a MS performing channel access, the cell should know the capability of the MS, i.e. supporting EC TBF in a higher coverage class with 2 PDCHs. To this purpose the MS includes such additional capability information in the EC Packet Channel Request message on EC-RACH using a higher coverage class. Required modifications to EC-RACH messages related to alternative mappings for higher coverage classes are discussed in [2]. 
There against, when a 2 PDCH capable MS selects CC1 for its uplink access to initiate a UL data transfer, the capability information is included in the RLC/MAC header of the uplink RLC block of the first FUA only. This is sufficient since usage of CC1 in DL in this case is expected and thus there is no need for an immediate change to a higher coverage class. Hence this information is sent after channel access and used by the network to decide on the change of the coverage class to a higher coverage class using alternative CC mapping schemes.
Thus we propose working assumption 5:
	WA 5: The MS capability for support of EC TBF operation with 2 PDCH mapping is included in the EC Packet Channel Request in case a higher coverage class is used on EC-RACH. In case MS selects CC1 for sending EC Packet Channel Request message, such capability information is included in the uplink RLC/MAC header of the first scheduled FUA. 



Overlaid CDMA support
Overlaid CDMA for UL EC TBFs using 2 PDCH mapping is proposed to be introduced since it enhances the UL capacity in the same way as for Rel-13. It shall be supported by the Rel-14 capable MS and is optional for the network. 
The support of Overlaid CDMA for UL EC TBFs using 2 PDCH mapping requires to define modified OLCDMA code sequences for the MS transmitter that can be derived from the existing code sequences by splitting one OLCDMA code sequence applied over 4 PDCHs (length 4) into two reduced OLCDMA code sequences each applied over 2 consecutive PDCHs (length 2). This is depicted in Table 7 to obtain two orthogonal sequences over 2 PDCHs. 
	Overlaid CDMA code1
	Code sequence2
	Reduced Code sequence 13
	Reduced Code sequence 24

	0
	0000
	00
	00

	1
	0101
	01
	01

	2
	0011
	-
	-

	3
	0110
	-
	-

	NOTE1: 	see 3GPP TS 44.060 [11]
NOTE2: 	The first number in the sequence is applied to the lowest numbered assigned PDCH. The second number to the second lowest numbered assigned PDCH etc.
NOTE3: 	applies to EC TBFs mapped to 2 consecutive PDCHs with lowest numbered assigned PDCH being 0 or 4.
NOTE4: 	applies to EC TBFs mapped to 2 consecutive PDCHs with lowest numbered assigned PDCH being 2 or 6.



Table 7: Reduced Overlaid CDMA code sequences.
In Table 7 reduced code sequences for Overlaid CDMA used for EC-TBFs mapped onto 2 PDCHs are defined. In case of EC TBFs mapped to 2 PDCHs two MSs can be multiplexed on the same physical channel, hence 4 MSs can be multiplexed in four timeslots, being the same number as for Rel-13. It is noted that restrictions for multiplexing EC TBFs with 2 PDCH mapping and 4 PDCH mapping exist, i.e. only one EC TBF with 4 PDCHs can be multiplexed with up to two EC TBFs using 2 PDCH mapping, e.g. Overlaid CDMA code = 0 for 4 PDCH mapping combined with Overlaid CDMA code = 1 for first 2 PDCH mapping (Reduced Code sequence 1) as well as for second 2 PDCH mapping (Reduced Code sequence 2). 
Thus we propose working assumption 6:
	WA 6: Overlaid CDMA for UL EC TBFs using 2 PDCH mapping will be specified enhancing the UL capacity in the same way as for Rel-13. It shall be supported by the Rel-14 capable MS and is optional for the network. 



Specification impacts related to physical layer requirements
Following are the specification impacts to physical layer requirements for introduction of alternative coverage class mappings.
· Functional overview of alternative coverage class mappings and their interworking with Rel-13 (TS 43.064).
· Channel block structure definition for EC-PDTCH with 2TS allocation (TS 45.001).
· Addition of channel combinations and channel mapping onto physical resources (TS 45.002). 
· Modifications to mapping of blind physical layer transmissions depending on the number of PDCH assigned for blind physical layer transmissions (TS 45.003).
· Sensitivity, CCI and ACI performance for new logical channel types using 2 consecutive PDCH (TS 45.005).
· Addition of cell selection and coverage class thresholds (TS 45.008).

Link layer impacts
Different link layer aspects due to introduction of alternative CC mappings are investigated in this section.
EC System Information changes for alternative Coverage Class mappings
Cell selection/reselection and DL/UL coverage class selection functionality of the MS is controlled by following parameters: 
· EC_RXLEV_ACCESS_MIN (cell selection behaviour of MS is based on this parameter)
· BT_Threshold_DL (threshold for selecting CC1 in DL)
CC2_Range_DL (operational range for CC2 in DL)
· CC3_Range_DL (operational range for CC3 in DL)

· BT_Threshold_UL (threshold for selecting CC1 in UL)
CC2_Range_UL (operational range for CC2 in UL)
· CC3_Range_UL (operational range for CC3 in UL)

The C1 criteria which decides on the suitability of the serving cell is based on EC_RXLEV_ACCESS_MIN. This parameter defines the lowest RXLEV on DL up to which the serving cell is considered suitable for camping taking into account a correction factor due to different transmit power levels on downlink and uplink. BT_Threshold parameter and CC2/CC3_Range parameters are used to select the respective coverage class within the serving-cell.
If the EC_RXLEV_ACCESS_MIN and other parameters related to the C1 criteria are chosen in such a way, that at the RLA_EC level at which C1 value reaches 0, for downlink RLA_EC > BT_Threshold_DL and for uplink BS_RX_PWR > BT_Threshold_UL, the network then allows only MS operating in CC1 to camp on this cell (Scenario 1 in section 2.2). When the coverage condition gets worse, MS will reselect to another cell instead of selecting a higher coverage class.
If the network choses to only support 2 PDCH resources for EC operation, above parameters should be set to restrict access to Rel-13 capable MS in CC1 only after camping on the cell as described in proposals 1 and 2 below.
To allow Rel-14 capable MS, which is capable of operating an EC TBF with 2 PDCH resources, to camp on the cell, a new parameter EC_RXLEV_ACCESS_MIN_2 is introduced. Rel-14 capable MS should use this new parameter for checking the C1 criteria. CC2_Range and CC3_Range parameters need to be set aligning to CC2 and CC3 link level performance, respectively, with alternative coverage class mapping (see section 2.3). 
Following two proposals are made:
Proposal 1: 
· A new optional parameter EC_RXLEV_ACCESS_MIN_2 is required in EC SI 2 to enable camping of Rel-14 MS capable of EC TBF operation with 2 PDCH mapping. This parameter is set to RXLEV corresponding to CC4-2TS DL lowest supported RXLEV value.
· For redirecting higher coverage class MS of Rel-13, EC_RXLEV_ACCESS_MIN parameter should be set to a higher value in such a way, that at RLA_EC at which C1 value reaches 0, 
	RLA_EC > BT_Threshold_DL and BS_RX_PWR > BT_Threshold_UL. This is 	exemplified in the following.
Scenario A: Assuming BSPWR = 43 dBm, MS_TXPWR_MAX_CCH = MSPWR = 33 dBm and by setting EC_RXLEV_ ACCESS_MIN to -106 dBm, the C1 criteria is met according to TS 45.008 at 
RLA_EC 	= EC_RXLEV_ ACCESS_MIN + Max(MS_TXPWR_MAX_CCH – MSPWR,0) 	= -106 dBm + 0 dB = -106 dBm , and 
BS_RX_PWR 	= RLA_EC + min(MSPWR, MS_TXPWR_MAX_CCH) – BSPWR 
	= -106 dBm + (33 – 43) dB = -116 dBm .
In case BT_Threshold_DL is set to -107 dBm and BT_Threshold_UL to -117 dBm, the MS will reselect to another cell before the DL signal level falls below the BT_Threshold_DL value or the UL signal level below the BT_Threshold_UL value.
Scenario B: same as scenario A, but MSPWR = 23 dBm. The C1 criteria is met according to TS 45.008 at 
RLA_EC 	= -106 dBm + 10 dB = -96 dBm , and 
BS_RX_PWR 	= RLA_EC + min(MSPWR, MS_TXPWR_MAX_CCH) – BSPWR 
	= -96 dBm + (23 – 43) dB = -116 dBm .
For the same settings, i.e. BT_Threshold_DL =-107 dBm and BT_Threshold_UL = -117 dBm, the MS will reselect to another cell before the signal level falls below the BT_Threshold_DL or BT_Threshold_UL, respectively.
· The DL_CC_SELECTION parameter needs to be set to RXLEV, so that the Rel-13 MS always uses RXLEV based coverage class selection.
· A new DL_CC_SELECTION parameter is required for Rel-14 MS, to allow DL coverage class selection based on RXLEV or SINR.
If the cell supports both 2 PDCH and 4 PDCH coverage class mappings over the same PDCH resources, EC SI parameters related to cell selection and coverage class selection need to be configured in a similar manner to a Rel-13 network with minor change that coverage class threshold values need to be set according to the least stringent link level performance of 2 PDCH and 4 PDCH mappings. If Rel-14 capable MS only support EC TBFs with 2 PDCH mapping for higher coverage classes, a new EC SI parameter is required to indicate the support for 2 PDCH mapping.
Proposal 2: 
· New EC SI parameter CC-2TS_SUPPORTED is broadcasted in the EC SI 2. This parameter will inform MS about the support of 2 PDCH coverage class mappings in the cell. 
Thus we propose working assumption 7:
	WA 7: Proposal 1 and Proposal 2 related to EC System Information changes for alternative Coverage Class mappings will be followed.



Impact to Common Control Channel Procedure for enabling alternative Coverage Class mappings
The common control channel messages which assign the traffic channels (UL/DL) require modifications to indicate whether normal (Rel-13) or alternative coverage class mapping is assigned.
Changes to EC IMMEDIATE ASSIGNMENT TYPE 2
This message is sent on EC-CCCH to assign an uplink TBF for the MS. The EC Packet Channel Description Type 2 IE of this message can be enhanced to include an additional bit for the alternative coverage class mapping.
As the EC-CCCH message may be received by two MSs which share the same channel request reference, it is possible that the message, during contention resolution, may also be received by a Rel-13 MS. In this case if the coverage class information indicates a higher coverage class, it will use 4 PDCH resources. This may result in additional uplink interference on the additional 2 PDCHs, which are not part of the 2 PDCH allocation.
To avoid this impact, some parameters of the EC Fixed Uplink Allocation Information element need to be set to invalid code points so that the message content shall be ignored by the Rel-13 MS. Additional parameters are then included in this information element related to the use of the alternative coverage class mapping. To this purpose, the STARTING_UL_TIMESLOT parameter within the EC FUA IE is set to 111, which identifies an invalid code point for Rel-13 (only 0 to 4 is allowed).
The new parameters required for the alternative CC mapping in EC FUA IE are:
· STARTING_UL_TIMESLOT_AC	(3 bits, range: 0-6)
· STARTING_DL_TIMESLOT_OFFSET_AC  (1 bit, range: 0-1)
· OVERLAID_CDMA_CODE_AC                	(1 bit, range: 0-1)

In conclusion 5 additional bits are required in the EC IMMEDIATE ASSIGNMENT TYPE 2 message. Thus we propose working assumptions 8 and 9:

	WA 8: The existing EC Immediate Assignment Type 2 message is modified to accommodate new parameters for the support of alternative CC mappings. 



	WA 9: In the EC Immediate Assignment Type 2 message some Rel-13 parameter are set to invalid values to avoid wrong interpretation of the message by a Rel-13 MS. Thus the Rel-13 specification needs to be clarified for handling of invalid values, e.g. for STARTING_UL_TIMESLOT parameter in the EC FUA Information element. In this case Rel-13 MS should ignore the assignment given in a message with above parameter set to invalid values. However it shall still use the Used DL-CC and Paging extension parameters of this message for downlink monitoring.



Changes to EC IMMEDIATE ASSIGNMENT TYPE 1
In order to minimise the specification impacts, a MS capable of 2 PDCH coverage class mapping shall send the channel request on RACH only when its selected coverage class for both uplink and downlink is CC1. Under this assumption, no changes to the EC IMMEDIATE ASSIGNMENT TYPE 1 message are expected.  Thus we propose working assumption 10:

	WA 9: The Immediate Assignment Type 1 message is left unchanged, since it will be used only, when both CC1 is selected for DL and UL.  



Changes to EC DOWNLINK ASSIGNMENT
A new parameter needs to be included in this message to specify that the indicated coverage class uses the alternative mapping and in addition new parameters need to be appended related to the description for the alternative mapping. This leads to working assumption 11: 
	WA 11: The existing EC DOWNLINK ASSIGNMENT message is modified to accommodate new parameters for the support of alternative CC mappings. As for the EC Immediate Assignment Type 2 message, the assignment part of this message needs to be ignored by the Rel-13 MS, whilst it shall still use the Used DL-CC and Paging extension parameters of this message for downlink monitoring.  



EC-PDTCH Changes for Alternative Coverage class
The Downlink RLC/MAC Header of MCS-1 is modified to convert one of the spare bits as Alternative Coverage class mapping indication (AC). This allows the Rel-14 MS to identify the coverage class of the received radio blocks belonging to a RLC block and the used mapping type (normal, alternative) based on CC and AC values. This is shown in Figure 2.
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Figure 2: Modified DL RLC/MAC Header of MCS-1 for alternative CC mappings.
Thus we propose working assumption 12:

	WA 12: No additional impact to Rel-13 MS reception is envisaged when EC-PDTCH addressed to Rel-13 MS and EC-PDTCH with alternative CC mappings addressed to Rel-14 MS are multiplexed. Downlink monitoring for a Rel-14 MS can be improved by modification of spare bit to indicate the coverage class mapping type (normal/alternative).



EC-PACCH Changes for Alternative Coverage class
The EC-PACCH DL message will be received by both Rel-13 and Rel-14 MSs. Even though the message contains the TFI to indicate the target MS for the scheduled EC-PACCH message, the used DL-CC information in the message is also decoded by other MSs to identify the number of radio blocks the same message is transmitted and to decide to skip the reception of further blocks accordingly.
As discussed in sections 2.4.2 and 2.4.3, the Rel-13 MS assigned with CC1 interprets the used DL-CC information as per normal mappings and decide to skip further reception, which does not impact the downlink monitoring performance of Rel-13 MS, whilst the Rel-13 MS assigned with a higher coverage class is not able to decode any of the RLC blocks sent with the alternative CC mapping.
The Rel-14 MS can still identify the coverage class mapping based on an additional parameter added to the EC-PACCH messages. To this purpose, all downlink EC-PACCH messages need to include a new parameter CC MAPPING TYPE (coverage class mapping type) appended at the end of the message.
In addition, the downlink EC-PACCH messages which assigns resources will be modified to include new parameters relevant for the alternative CC mapping.
Thus we propose working assumption 13:

	WA 13: No additional impact to Rel-13 MS reception is envisaged when EC-PACCH addressed to Rel-13 MS and EC-PDTCH with alternative CC mappings addressed to Rel-14 MS are multiplexed. Downlink monitoring for a Rel-14 MS can be improved by inclusion of a new parameter for coverage class mapping type appended at the end of the EC-PACCH message. In addition the EC-PACCH message should include one additional parameter to include the coverage class mapping type for assigned coverage classes in messages that assign an uplink or downlink TBF.



Specification impacts related to signalling 
Following are the specification impacts to signalling procedures for introduction of alternative coverage class mappings.
· Changes to EC SI 2 to include the cell support for alternative CC mappings, new cell selection parameter and DL/UL coverage class thresholds for 2 PDCH allocation (TS 44.018).
· Signalling support for Overlaid CDMA for EC TBFs using 2 PDCH mapping, using EC-AGCH (TS 44.018).
· EC Packet Channel Request content redesign using EC-RACH (TS 44.018) to allow signalling of alternative CC mapping support, considering also other extensions (e.g. positioning enhancements).
· EC TBF Establishment procedure changes using EC-AGCH (TS 44.018), including the EC Immediate Assignment Type 2 and EC Downlink Assignment messages. 
· EC TBF Establishment procedure changes (TS 44.060) for EC-PACCH messages. 
· DL RLC/MAC Header changes for EC-PDTCH, e.g. usage of 1 spare bit as indication for the alternative coverage class mapping (44.060). 
· Addition of indication of the CC mapping type used by EC-PACCH (44.060).
· EC TBF coverage class adaptation using EC-PACCH (TS 44.060)
· RLC/MAC multiplexing aspects (TS 44.060)

Performance evaluation
The performance evaluation is described in the companion paper [3]. 

Summary
The present document presents the concept overview and high level design aspects based on three assumed scenarios for introducing alternative coverage class mappings based on 2 PDCH resources. Both physical layer aspects and link layer aspects are discussed, the impact to Rel-13 MS is analysed and the specification impact is investigated. Several working assumptions are listed that are proposed for agreement to allow settling the functional description for alternative CC mappings. 
The stage 2 description is contained in the companion paper in [4]. Upon agreement on the presented working assumptions, changes to stage 3 specifications for the introduction of alternative coverage class mappings will be submitted to the next WG meeting. 
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