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1 Introduction
At the RAN#60 meeting, a new WI “Low cost & enhanced coverage MTC UE for LTE” was approved [1]. One of the objectives is to introduce a new UE category for low cost MTC, as follow:
· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

In this contribution, we will discuss the potential RAN2 impacts due to the introduction of low cost MTC.
2 RAN1 agreements

RAN1 made the following agreements in RAN1#74:
· New UE category for low cost MTC UEs also includes
· No need to support 64QAM for uplink

· The maximum number of supported layers for downlink and uplink is 1

· PDSCH frequency allocation method for further study until the next meeting:

· Pre-defined or fixed manner or dynamic-manner for initial access
· Semi-static or dynamic manner for others
RAN1 made the following working assumptions in RAN1#74bis:

· “UL/DL switching” for HD-FDD operation is handled as the same behavior in Rel-8 for low cost MTC UEs supporting with/without coverage enhancement
· Ask RAN4 further specification impact – Prakash (Vodafone), prepare LS until Thursday

· Further discussion is needed about collision issues for PRACH and DL transmissions

· Note that companies can investigate Rel-8 procedure of HD-FDD operation
RAN1 also made the following agreements in RAN1#74bis:
· At first, discuss repetition case, and discuss non- repetition case.
3 Potential RAN2 impacts
3.1 New UE category
As per the current RAN1 agreements, it is easy to get the following downlink and uplink physical layer parameter values for the new UE category, as shown in Table 1, which will be captured in TS 36.306 in the stage-3.

Table 1: Downlink and uplink physical layer parameter values for new UE category

	Downlink physical layer parameters
	Value
	Uplink physical layer parameters
	Value

	Maximum number of DL-SCH transport block bits received within a TTI
	1000 bits
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	1000 bits

	Maximum number of bits of a DL-SCH transport block received within a TTI
	1000 bits
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	1000 bits

	Maximum number of supported layers for spatial multiplexing in DL
	1
	Support for 64QAM in UL
	No


As per the calculation in [2], we can also get the value for the downlink physical layer parameter “Total number of soft channel bits”, as shown in Table 2. Note that the current value is calculated based on the assumption that there are 8 DL HARQ processes. Depending on the discussions and decisions on e.g. whether control channel and its data channel will be transmitted in separate subframes, and how repetitions for DL channels will be performed, DL HARQ process number might be reduced. If the DL HARQ process number is reduced, the value could be scaled accordingly.
Table 2: Downlink total number of soft channel bits
	Downlink physical layer parameters
	Value

	Total number of soft channel bits
	25344 bits


There are still some undetermined/unclear aspects, which will be discussed in the following sections.
3.1.1 TB size restriction for SIB, Paging and Msg2
In TS 36.306, the following description for the parameter “Maximum number of DL-SCH transport block bits received within a TTI” exists:

4.2.1.1 Maximum number of DL-SCH transport block bits received within a TTI 

Defines the maximum number of DL-SCH transport blocks bits that the UE is capable of receiving within a DL-SCH TTI.

This number does not include the bits of a DL-SCH transport block carrying BCCH in the same subframe.
It is natural that the same TB size restriction of 1000bits also applies to the TB carrying BCCH, given the limited processing capability of low cost MTC UEs. With the same logic, the same TB size restriction also applies to the TB carrying PCCH and Msg2.
Proposal 1: To confirm that the TB size restriction of 1000bits also applies to the TB carrying BCCH, PCCH and Msg2.
3.1.2 DL parallel receptions 

For a particular UE, the following downlink assignments might occur in the same subframe:

1) Dedicated data (via C-RNTI)

2) SIB (via SI-RNTI)

3) Paging (via P-RNTI)

4) Msg2 (via RA-RNTI)

Table 8.2-2 of TS 36.302 specifies the combinations that UE shall be able to receive in parallel in the same subframe, i.e., UEs in RRC_IDLE shall support the reception of SIB and Paging in parallel in the same subframe, and UEs in RRC_CONNECTED shall support the reception of SIB and dedicated data in parallel in the same subframe. Further, both UEs in RRC_IDLE and UEs in RRC_CONNECTED shall be able to receive PBCH simultaneously with other channels. For the legacy UEs, the parallel reception is achieved by the implementation of additional separate buffers.
For low cost MTC UEs, the DL parallel receptions seem not so feasible, given that low cost MTC UEs will only support restricted number of PRBs (i.e. 6 PRBs) in the downlink assignments. Considering that low cost MTC UEs will only operate delay tolerant applications, this is not a significant issue.
Proposal 2: Low cost MTC UEs are not required to perform DL parallel receptions.

3.1.3 Total layer 2 buffer size
If we reuse the method in [3], the “total layer 2 buffer size” for the new UE category could be calculated as:
(“Maximum number of DL-SCH transport block bits received within a TTI” + “Maximum number of UL-SCH transport block bits transmitted within a TTI”) * 75ms = (1000bits + 1000bits)*75 = 18750 bytes
This method allows the transmitting RLC entity to continuously send new RLC PDUs at the maximum bit rate for 75 ms in both directions before having received the ACK for the lowest outstanding RLC PDU.
As per the MTC traffic model in TR 36.888, the number of bits in UL within one communication is up to 10000 bits. In RAN2 study on small data transmission, we also considered similar MTC traffic model, i.e. packet size up to 1 Kbyte in both UL and DL, as captured in TR 37.869. In order to achieve further cost saving comparing to the method in [3], by putting more margin on top of the maximum packet size for MTC, we can consider the “total layer 2 buffer size” for the new UE category to be for example around 4000 bytes.
Proposal 3: The “total layer 2 buffer size” for the new UE category is around 4000 bytes.

3.1.4 Support of eMBMS
There is still one pending parameter for the new UE category – “Maximum number of bits of a MCH transport block received within a TTI”, and this depends on whether low cost MTC UEs could support eMBMS.

We see some use cases for low cost MTC UEs to support eMBMS. eMBMS could be considered as a group communication mechanism to serve a large number of MTC UEs in a particular area, for e.g. device triggering or firmware update.

On the other hand, in the current eMBMS mechanism, eMBMS broadcast is performed on the full system bandwidth, however, low cost MTC UEs could only performs the downlink reception on a reduced bandwidth of 1.4 MHz, which might be smaller than the system bandwidth. Some specification changes are expected in order to support the low cost MTC UEs with reduced bandwidth to perform eMBMS reception in a carrier with larger bandwidth.

Proposal 4: To discuss whether low cost MTC UEs could support eMBMS.
3.2 Half-duplex FDD

Half-duplex FDD implies that a single UE cannot receive and transmit at the same time, while the eNB still operates in full duplex mode. During LTE Rel-8, it was proposed that half-duplex FDD is implemented as a scheduler constraint, implying that it is up to the scheduler to ensure that the UE is not scheduled simultaneously in uplink and downlink. From UE perspective, it always receives in the downlink unless it has been explicitly instructed to transmit in the uplink (either UL-SCH transmission or HARQ acknowledgements triggered by downlink transmissions). 
Currently, RAN2 specification parts related to the support of half-duplex FDD are quite limited, i.e. for DRX it is specified in TS 36.321 that even for half-duplex FDD operation PDCCH-subframe represents any subframe. 
As per RAN1 discussion, one open issue that might have further RAN2 impacts is the PRACH and DL transmission collision issue. PRACH and DL transmission collision is a rare case. Even if collision occurs, in which case the UE will not be able to receive the PDCCH/PDSCH, it is not a significant issue for MTC UEs operating delay tolerant applications. On the other hand, the collision issue could be partially avoided by UE implementation, i.e. UE implementation could be constrained in a way not to trigger contention-based PRACH on subframes where DL transmissions might happen (e.g. DRX active time and paging occasions). Therefore, no further RAN2 specification changes are expected for the support of half-duplex FDD mode low cost MTC.
Proposal 5: To confirm that no further RAN2 specification changes are expected for the support of half-duplex FDD mode low cost MTC.
3.3 SIB
As per the discussion in section 3.1.1, for low cost MTC UEs, the TB size restriction of 1000bits also applies to the TB carrying BCCH. This means, in order to serve low cost MTC UEs, eNB should ensure that each relevant system information message to be scheduled is less than 1000bits.
In Table 3, we analyze which SIB is low cost MTC relevant. We could find that at least SIB6, SIB7, SIB8, SIB10, SIB11, SIB12 and SIB15 are not low cost MTC relevant. This means, it is not necessary for low cost MTC UEs to read those SIBs. For each low cost MTC relevant SIB, we also provide a roughly estimated size by using ASN.1 tools. Note that it is difficult to estimate the exact maximum SIB size, because it is subject to several factors. Nevertheless, it doesn’t look like the size of any low cost MTC relevant SIB will exceed 1000bits. When multiple SIBs with the same periodicity are multiplexed together in the same system information message, the system information message size might exceed 1000bits, however this could be avoided by eNB implementation.
Table 3: MTC relevant SIBs and size estimation

	SIB type
	Size
	Usage
	MTC relevant
	SIB type
	Size
	Usage
	MTC relevant

	SIB1
	33 bytes
	Contains SIB scheduling info
	Yes, essential info.
	SIB9
	20 bytes
	Contains HeNB name
	Yes, low cost MTC UEs might be equipped at home.

	SIB2
	50 bytes
	Contains radio resource configuration info
	Yes, essential info.
	SIB10
	N/A
	Contains ETWS primary notification
	No, because no use case for MTC to receive ETWS

	SIB3
	20 bytes
	Contains common cell re-selection info
	Yes, needs to support cell reselection.
	SIB11
	N/A
	Contains ETWS secondary notification
	No, because no use case for MTC to receive ETWS

	SIB4
	17 bytes
	Contains neighboring cell info for intra-freq cell re-selection
	Yes, needs to support cell reselection.
	SIB12
	N/A
	Contains CMAS notification
	No, because no use case for MTC to receive CMAS

	SIB5
	35 bytes
	Contains inter-freq cell re-selection info
	Yes, needs to support cell reselection.
	SIB13
	15 bytes
	Contains MBMS info
	Maybe, depending on whether low cost MTC UEs could support eMBMS

	SIB6
	N/A
	Contains inter-RAT cell re-selection info (UTRA)
	No, because low cost MTC UE is of single RAT
	SIB14
	4 bytes
	Contains EAB info
	Yes, access control info is necessary

	SIB7
	N/A
	Contains inter-RAT cell re-selection info (GERAN)
	No, because low cost MTC UE is of single RAT
	SIB15
	N/A
	Contains MBMS service continuity info
	No, because service continuity is not essential for MTC even it supports eMBMS

	SIB8
	N/A
	Contains inter-RAT cell re-selection info (CDMA2000)
	No, because low cost MTC UE is of single RAT
	SIB16
	10 bytes
	Contains UTC info
	Maybe


Proposal 6: At least, it is not necessary for low cost MTC UEs to read SIB6, SIB7, SIB8, SIB10, SIB11, SIB12 and SIB15. To confirm that every low cost MTC relevant SIB is smaller than 1000bits.

3.4 Capability report during random access
In the current procedure, the first opportunity that eNB could get the UE Radio Access Capability Information (where UE category is included therein) from the EPC is in the Initial Context Setup Request procedure. This means, eNB can’t have any knowledge about UE type (i.e. whether the UE is a low cost MTC UE) during the random access procedure.
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Figure 1: UE type differentiation and special handling
It is beneficial to change something in the PRACH procedure (for example reserving some preambles) so that the eNB can differentiate low cost MTC and non-low cost MTC UEs at the very beginning of the random access procedure, so as to process the random access separately for them, as shown in Figure 1. This is because:
1) Low cost MTC UEs only support reduced downlink data channel bandwidth of 1.4 MHz in baseband.  eNB needs to handle low cost MTC UEs in a special way and schedule their Msg2 and Msg4 transmissions within the reduced bandwidth. 
2) Low cost MTC UEs only support single RX antenna. For low cost MTC UEs, depending on channel conditions, eNB could choose to compensate the downlink coverage loss caused by the single RX antenna, by means of e.g. high aggregation level on PDCCH, conservative MCS on PDSCH, to ensure that Msg2 and Msg4 could be successfully decoded by the UE.
3) Low cost MTC UEs only support reduced maximum TB size of 1000bits. eNB needs to handle low cost MTC UEs in a special way and schedule their Msg2 transmissions within the TB size limitation. 
Proposal 7: Make necessary changes to allow the eNB to differentiate low cost MTC and non-low cost MTC UEs at the very beginning of random access procedure.
3.5 Access on legacy eNB
When moving into a legacy eNB (i.e. an eNB not supporting the new UE category), depending on the scheduling of legacy eNB, the low cost MTC UEs may or may not able to successfully decode the system information, paging message and other DL transmissions. As a consequence, UE behaviors are unexpected.
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Figure 2: eNB broadcasts the “low cost MTC capability”
In order to solve this issue, the most straightforward way is to introduce an eNB “capability” for low cost MTC, as shown in Figure 2. Once an eNB broadcasts the “low cost MTC capability”, it means the eNB could understand the new UE category and will handle low cost MT UEs in a special way. The “low cost MTC capability” could be explicitly broadcasted (i.e. adding one bit in MIB/SIB), or implicitly broadcasted (i.e. in case a new SIB is required for low cost MTC, the presence of the new SIB means eNB supports low cost MTC). Low cost MTC UEs should avoid camping on the cells which doesn’t broadcast the “low cost MTC capability”.
Proposal 8: eNB that supports low cost MTC should explicitly or implicitly broadcast the “low cost MTC capability”. Low cost MTC UEs should avoid camping on the cells which doesn’t broadcast the “low cost MTC capability”.
4 Conclusion

In this contribution, we discussed the potential RAN2 impacts due to the introduction of low cost MTC. RAN2 is respectfully asked to discuss and agree on the following proposals:
Proposal 1: To confirm that the TB size restriction of 1000bits also applies to the TB carrying BCCH, PCCH and Msg2.
Proposal 2: Low cost MTC UEs are not required to perform DL parallel receptions.

Proposal 3: The “total layer 2 buffer size” for the new UE category is around 4000 bytes.

Proposal 4: To discuss whether low cost MTC UEs could support eMBMS.

Proposal 5: To confirm that no further RAN2 specification changes are expected for the support of half-duplex FDD mode low cost MTC.

Proposal 6: At least, it is not necessary for low cost MTC UEs to read SIB6, SIB7, SIB8, SIB10, SIB11, SIB12 and SIB15. To confirm that every low cost MTC relevant SIB is smaller than 1000bits.

Proposal 7: Make necessary changes to allow the eNB to differentiate low cost MTC and non-low cost MTC UEs at the very beginning of random access procedure.
Proposal 8: eNB that supports low cost MTC should explicitly or implicitly broadcast the “low cost MTC capability”. Low cost MTC UEs should avoid camping on the cells which doesn’t broadcast the “low cost MTC capability”.
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