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1 Introduction
In this contribution, we will discuss the potential RAN2 impacts due to the introduction of low cost MTC. Downlink parallel reception issue for low cost MTC will be discussed in a separate contribution [1].
2 Discussion
2.1 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.

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


According to the calculation in [2], we can get the value of another 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. If RAN1 decides to reduce the number of DL HARQ process in the future, 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.
2.1.1 Total layer 2 buffer size
By reusing the method in [3], the “total layer 2 buffer size” for the new UE category could be calculated as follow:
(“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 75ms in both directions before having received the ACK for the lowest outstanding RLC PDU.
By rounding 18750 bytes to the nearest Kbyte, we have 20 Kbytes.
Proposal 1: With the 1000bits TB size limitation, the “total layer 2 buffer size” for the new UE category is 20 Kbytes.

2.1.2 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 2: To discuss whether low cost MTC UEs could support eMBMS.
2.2 TB size restriction for Paging and Msg2

In the last meeting, RAN2 discussed whether to restrict BCCH TB size to 1000bits. Considering that the 1000bits limit might put restrictions on the extensibility of SIBs in the future, RAN2 asked RAN1 to consider keeping the current limit of 2216 bits for BCCH TB size [4]. RAN1 will further discuss this issue and make a final decision.
For Paging and Msg2, it is still not clear enough whether the 1000 bits TB size limit should be applied.

For paging, the maximum size is 1380bits in theory, where IMSI containing 21 digital numbers is used as the UE ID and there are16 paging records within the paging message. In practice, paging message will be less than 1380bits, because generally network will use S-TMSI as the UE ID and IMSI will only be used in exceptional cases, and even if IMSI is used the length will not be larger than 15 digital numbers. For Msg2, the maximum size is about 3584bits in theory, where it contains the random access response for 64 different preambles. In practice, Msg2 will be less than 3584bits, because such a dense UE access (i.e. 64 UEs/access slot) will be spread by ACB/EAB mechanism. Further, subject to eNB capability, eNB could only recognize a limited number of preambles at the same time. In any case, subject to eNB implementation, the paging record for some of the UEs could be postponed to the next paging occasion, which is not a significant issue for low cost MTC UEs operating delay tolerant applications. Subject to eNB implementation, the random cccess response for some of the preambles could be scheduled in other subframes within the RAR window.
According to TS 36.212 and TS 36.213, the physical layer imposes the same maximum TB size limit to SIB, Paging and Msg2. When DCI format 1C is used the limit is 1736 bits, while for format 1A the limit is 2216 bits. Therefore, the same TB size restriction for SIB should also be applied to Paging and Msg2. If RAN1 finally decides to keep the current limit of 2216 bits for SIB, Paging and Msg2 should also keep the current limit of 2216 bits. If RAN1 prefer to restrict the SIB to 1000bits, the TB size for Paging and Msg2 should also be restricted to 1000bits.
Proposal 3: The same TB size restriction for SIB should also be applied to Paging and Msg2.
2.3 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 4: To confirm that no further RAN2 specification changes are expected for the support of half-duplex FDD mode low cost MTC.
2.4 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.
Technically, it is beneficial to change something in the PRACH procedure (e.g. preamble partitioning) 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 given the limited capability of low cost MTC UEs. 
On the other hand, reserving special preambles for low cost MTC UEs means the existing preamble space will be further fragmented. Currently, 64 preambles could be divided to Group A and Group B for different amount of data in the UE buffer. At the RAN1#75 meeting, for UE operating in coverage enhancement mode, it was agreed that 3 levels of coverage enhancement (e.g. 5db, 10db and 15db respectively) will be introduced, which means an individual group of preamble needs to be assigned to each coverage enhancement level if no additional PRACH resources will be defined for coverage enhancement mode. In the extreme case, 64 preambles will be divided to 2*2*4=16 separate groups. The excess fragmented preambles will cause high collision probability which should be avoided. 

If the eNB can’t differentiate low cost MTC and non-low cost MTC UEs at the very beginning of the random access procedure, it should assume that all the UEs are low cost MTC UEs during the random access procedure and ensure that all the UL/DL schedulings are within the capability of low cost MTC UEs.
Proposal 5: Do not introduce any mechanism for capability reporting for low cost MTC during the random access procedure. eNB assumes all the UEs are low cost MTC UEs during the whole random access procedure.
2.5 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 be 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 1: 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 1. 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 6: 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 cell which doesn’t broadcast the “low cost MTC capability”.
3 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: With the 1000bits TB size limitation, the “total layer 2 buffer size” for the new UE category is 20 Kbytes.

Proposal 2: To discuss whether low cost MTC UEs could support eMBMS.

Proposal 3: The same TB size restriction for SIB should also be applied to Paging and Msg2.
Proposal 4: To confirm that no further RAN2 specification changes are expected for the support of half-duplex FDD mode low cost MTC.

Proposal 5: Do not introduce any mechanism for capability reporting for low cost MTC during the random access procedure. eNB assumes all the UEs are low cost MTC UEs during the whole random access procedure.
Proposal 6: 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 cell which doesn’t broadcast the “low cost MTC capability”.
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