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1 Background
Agreements in RAN1#74bis:

	Working assumption:
· “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


During the email discussion in [1], the following issue was raised:
	· "Do we allow simultaneous reception of unicast and SIBs/Paging/RACH responses in a TTI for low cost MTC UE?"


In RAN1#75 including the email discussion after the meeting, the following was agreed for the new UE category/type [2]:

	· Both contiguous and non-contiguous resource allocations for unicast are supported.

· From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.


Regarding the questions from RAN1 on supporting mobility in [3], RAN2 replied with an LS [4]:
	For CONNECTED Mode Mobility:

RAN WG2 agreed that enhanced coverage capable UEs as well as low complexity UEs support the existing connected mode mobility procedures as specified today. It is up to the NW whether or not to use it. 

For IDLE Mode Mobility: 

During the RAN2 discussions the following was pointed out:

In case that it is agreed to restrict BCCH transport block size to 1000 bits:

1. SIB1, 2, 3 and 4 are smaller than 1000 bits and therefore there is no issue regarding intra frequency cell reselection. However a 1000 bits limit might put future restrictions on the extensibility of these SIBs.

2. SIB5 can be larger than 1000 bits depending on the number of carriers (and e.g. black lists). If the NW broadcasts a SIB5 with more than 1000 bits, low complexity UEs would not be able to read SIB5 successfully and in this case the UE should rely on existing cell selection rather than cell reselection.

3. The same applies to inter-RAT SIBs (SIB6, SIB7, SIB8…) if those grow beyond 1000 bits. 

4.    If the network decides to configure the respective SIBs with less than 1000 bits low complexity UEs operating in normal coverage would support inter-frequency and inter-RAT cell reselection in IDLE mode, otherwise the UE performs cell selection. 

a. Restricting SIB5 to 1000 bits would limit the number of inter-frequency carriers broadcasted in SIB5. This might not be acceptable in many networks operating with more carriers or requiring configuration of black lists. One solution might be to define a SIB5bis which contains only a subset of the inter-frequency information. However, this would increase the overhead.

b. RAN2 would like to point out that cell selection has no guaranteed performance requirements, i.e., the performance depend on UE implementation. 

RAN 2 investigations on Enhanced coverage UEs are FFS.


Based on the background information described here, we provide our views on the remaining issues of the new UE category/type for low cost MTC UE and for enhanced coverage MTC UE.
2 HD-FDD Operation
RAN4 is currently discussing the transition gap between Rx and Tx (or Tx and Rx) for low cost MTC UE with half-duplex operation according to the RAN1 LS[5]. In particular, RAN4 WG had the discussion on the switching time of Rx->Tx and Tx->Rx and it was agreed to define the requirements in the next RAN4 meeting (RAN4#70)  [6]. It was pointed out that the switching time for the guard period between Rx and Tx would be dependent on the assumed number of LOs for half-duplex operation. As half duplex operation is regarded as one of the most important factors for cost saving, it would be reasonable to consider a single LO for half duplex operation for low cost MTC devices. In this regard, an additional switching time in the order of several hundreds of µs compared to the current gap in Rel-8 may be required. Depending on the discussion outcome in RAN4, RAN1 can continue the evaluation on whether the existing mechanism of HD-FDD operation can be reused or not.
Observation 1:

RAN1 can continue the evaluation on whether the existing mechanism of HD-FDD operation is sufficient after receiving feedback from RAN4.
3 Parallel Reception of Simultaneous Physical Channels
During the email discussion in [1], the following question was raised: “Do we allow simultaneous reception of unicast and SIBs/Paging/RACH responses in a TTI for low cost MTC UE?” According to [7], it is mandatory to consider the following reception types in relation to this question:
· For RRC_CONNECTED UE:

· PBCH+SI-RNTI+(RA-RNTI/TC-RNTI/C-RNTI, or PDCCH order)

· For RRC_IDLE UE:

· PBCH+SI-RNTI+P-RNTI

For RRC_CONNECTED UE, it is agreed by RAN2 [4] that the enhanced coverage mode UEs as well as the low complexity UEs support the existing connected mode mobility procedures as specified today. When a UE receives the handover command message from the serving cell, the UE will follow the same procedure to read BCCH for the target cell. Therefore, it is necessary to support the same capabilities of parallel reception as described above.
Proposal 1:

For RRC_CONNECTED UE for low cost MTC UE and for enhanced coverage mode UE, the same capabilities of parallel reception of simultaneous physical channels as the existing UE capabilities are required: PBCH+SI-RNTI+(RA-RNTI/TC-RNTI/C-RNTI, or PDCCH order).
For RRC_IDLE UE, although this is still under discussion in RAN4 [4], it is pointed out that for low cost MTC UE without enhanced coverage mode there is potential impact on intra/inter frequency cell selection/reselection in conjunction with the TBS restriction of 1000 bits. This assessment was based on the assumption that low cost MTC UE without enhanced coverage mode supports IDLE mode mobility. Therefore, independently from the outcome of the discussion on the TBS restriction, it is foreseen to keep the same capabilities of parallel reception of simultaneous physical channels as the existing UE reception if IDLE mode mobility is supported; otherwise, the UE may not be able to receive the most recent update of system or paging information.

Observation 2:

If IDLE mode mobility is supported for low cost MTC UE and enhanced coverage mode UE, the same capabilities of parallel reception of simultaneous physical channels as the existing UE reception are expected to be supported, i.e., PBCH+SI-RNTI+P-RNTI.
4 Restrictions for TBS & Bandwidth
In WID [8], a new UE category/type for MTC application in all LTE duplex modes will be specified with 1000 bit TBS size and 1.4 MHz (6 PRBs) downlink channel bandwidth. One of the issues raised is that, for system information, up to 1736 bits (217 bytes) and 2216 bits (277 bytes) are supported by DCI format 1C and 1A, respectively [9]. Therefore, eventually up to 2216 bits need to be supported, which is contradictory to the current 1000 bit TBS limitation. The following options for TBS restriction can be considered in conjunction with the 6 PRB bandwidth restrictions:

· Option 1: Keep the current 1000 bit TBS restriction

· It is difficult to support the parallel reception unicast and BCCH transmission with the existing mechanism as discussed in Section 3.

· A new solution such as TDM [10] or BCCH prioritization [11] may be considered.

· A new SIB may need to be introduced since some SIBs (SIB5/6/7/8…) may require more than 1000 bits while increasing the system overhead.

· Option 2: Adopt separate TBS restrictions between unicast with 1000 bits and BCCH with 2216 bits

· It may be necessary to increase the PRB restriction from 6 PRBs to a larger one for BCCH by keeping the low coding rate.

· If the parallel reception of unicast and BCCH is supported, the required bandwidth becomes much more than 6 PRBs (e.g., more than 12 PRBs); otherwise, the minimum required bandwidth will be eventually determined by BCCH (i.e., more than 6 PRBs for the low coding rate).

· Even if the 6 PRB restriction is relaxed, the cost saving for the HARQ buffer can be still achieved (there will be no need to increase HARQ buffer size).

· Option 3: Revise the TBS restriction from 1000 bits to 2216 bits and the DL channel bandwidth from 6 PRBs to X PRBs (X>6; e.g., X=15)

· It could be the most straightforward solution because it resolves all issues but somewhat sacrifices the cost saving part:

· As a rough calculation which is similar to that in [13], assuming the PRB restriction is increased from 6 PRBs (1.4MHz) to 15 PRBs (3MHz) and the cost saving is linearly proportional to the given numbers from [12], the overall cost saving is reduced from 24.7% to 21.4% (i.e., 3.3% cost increase) considering Turbo decoding, HARQ buffer, and post-FFT data buffering where
· Baseband cost: 60%

· Costs for Turbo decoding, HARQ buffer, and post-FFT data buffering: Total 15%

· On Turbo decoding: Cost saving is reduced from 90% (the most optimistic result) to 77.84%

· On HARQ buffer: Cost saving is reduced from 90% (the most optimistic result) to 75%

· On post-FFT data buffering: Cost saving is reduced from 94% to 85%
Based on the above discussion, it is foreseen that the most straightforward option to address the issues would be Option 3 while the overall cost saving is reduced by only 3.3%.

Proposal 2:

The restrictions of the TBS size and DL bandwidth are relaxed to 2216 bits and 15 PRBs (3MHz), respectively.

5 RRM Measurement
Now that, at least for RRC_CONNECTED MTC UE, mobility is supported, RRM measurement is essential to support mobility. Like for other physical channels, a new requirement by RAN4 needs to be defined since 1 Rx is assumed for low cost MTC UE. In addition, as mobility, at least for RRC_CONNECTED MTC UE, is also supported, the new requirements for enhanced coverage mode by RAN4 are also essential given the very low operating SINR (e.g., less than -20dB).

In the RRC_CONNECTED state, the UE shall perform measurements of at least 8 identified intra-frequency cells and shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies [14]. These requirements become even more challenging in terms of the UE battery consumption with the enhanced coverage mode where a lot of synchronization signals need to be accumulated during the neighbor cell search procedure which occurs quite often. Therefore, it is deemed necessary to consider further assistant information by higher layer signaling such as rough timing information, CP type, PCID, etc. Error! Reference source not found.. In addition, it can be further considered to relax the existing requirements which is entirely up to RAN4.

Proposal 3:

Further assistant information such as rough timing, CP type, PCID, etc. is provided to an MTC UE to help reduce power consumption during the cell search procedure.

6 MBMS Support
It is deemed necessary to consider MBMS capable low cost MTC UE given some useful scenarios, e.g., the software for a number of MTC devices can be updated simultaneously by using MBMS. Since PMCH is transmitted on the entire system bandwidth, keeping a small number of TBS (e.g., 2216 bits) would be inefficient. Therefore, if supported, for MBMS capable low cost MTC UE, it is proposed to follow the same size of MCH TBS of 10296 bits as for UE category 1.

Proposal 4:

If supported, for MBMS capable low cost MTC UE, the MCH TBS is 10296 bits.

7 DM RS based Transmissions
It would be good to have DM RS based transmissions like EPDCCH and TM 9/10 for low cost MTC UE with enhanced coverage mode to leverage the benefits from, e.g., beamforming gain which could help to enhance the coverage.
On the other hand, there might be challenges to define them in Rel-12:

· Time Frame:

· The WI is supposed to be completed by June 2014. In addition to the work to be completed in RAN1 and the work in RAN4 , such as the new RRM measurements and the requirements for all physical channels with 1 Rx antenna, the requirements also need to be defined for UEs with and without enhanced coverage mode.

· EPDCCH:

· EPDCCH is an optional feature in Rel-11. Therefore, there would be additional cost for a UE which needs to support it.

· If EPDCCH is supported, the relevant functions such as search space, HARQ procedure, PUCCH resource allocation, etc. shall be defined on time given, at least, cross-subframe scheduling which was agreed in RAN1#75. It is noted that RAN1 consumed a lot of time on those issues during the Rel-11 standardization work. 
· According to the WID, “Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.” Given that other WIs such as NCT or SCE PHY do not discuss CSS for EPDCCH any more, it is deemed unnecessary to consider EPDCCH as per the WID.
· TM9/10:

· The low cost MTC UE needs to implement the channel estimator for DM RS in addition to the CRS based one, which incurs additional cost.

· To support TM9/10, CSI-RS needs to be supported. The low cost MTC UE also needs to support the channel estimator for CSI-RS, which incurs additional cost. In particular, given the agreement is not to transmit periodic CSI using PUCCH, the usefulness from CSI-RS is even more unclear.
It is also worth noting that the low cost MTC UE (category 0) does not have to support all features of the previous release given that category 0 is not backward compatible at least based on the agreed TBS restriction – there is no way for a legacy eNB to recognize the low cost MTC UEs.

Based on the discussion in this section, it is proposed that DM RS transmission such as the one required for EPDCCH and TM9/10 is not considered for low cost MTC UE in Rel-12.

Proposal 5:

DM RS transmission such as the one required for EPDCCH and TM9/10 is not considered for low cost MTC UE in Rel-12.

8 Conclusions
In this contribution, we discuss the remaining aspects for the new UE category/type for low cost & enhanced coverage  MTC UEs. From the discussions, our observations and proposals are summarized as follows:
Observation 1:

RAN1 can continue the evaluation on whether the existing mechanism of HD-FDD operation is sufficient after receiving feedback from RAN4.
Observation 2:

If IDLE mode mobility is supported for low cost MTC UE and for enhanced coverage mode UE, it is expected to support the same capabilities of parallel reception of simultaneous physical channels as the existing reception: PBCH+SI-RNTI+P-RNTI.
Proposal 1:

For RRC_CONNECTED UE for low cost MTC UE and for enhanced coverage mode UE, the same capabilities of parallel reception of simultaneous physical channels as the existing UE capabilities are required: PBCH+SI-RNTI+(RA-RNTI/TC-RNTI/C-RNTI, or PDCCH order).
Proposal 2:

The restrictions of the TBS size and DL bandwidth are relaxed to 2216 bits and 15 PRBs (3MHz), respectively.

Proposal 3:

Further assistant information such as rough timing, CP type, PCID, etc. is provided to an MTC UE to help reduce power consumption during the cell search procedure.

Proposal 4:

If supported, for MBMS capable low cost MTC UE, the MCH TBS is 10296 bits.

Proposal 5:

DM RS transmission such as the one required for EPDCCH and TM9/10 is not considered for low cost MTC UE in Rel-12.
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