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Discussion and views
According the chairman’s notes in last meeting, there are remaining issues to be determined for UE category 0. In this document, our understanding on FFS on UE category 0 and our views (shown blue) are described. This document is update of [1] to reflect the latest situation.
Remaining issues of UE category 0

· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes
Panasonic) No need to change either PDCCH search space or DCI sizes in this release.
· Impact, if any, on ACK/NAK resource allocation
Panasonic) There is no impact on A/N resource allocation.
· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues
Panasonic) 
For Rel-12 eNBs, RAN2 had agreed a CR for 36.300 in [2], in which, the following text is included.

 “A low complexity MTC UE may access a cell only if SIB1 indicates that access of low complexity MTC UEs is allowed. If the cell does not support low complexity MTC UEs, a low complexity MTC UE considers the cell as barred and should not camp on it.”

It is quite useful to allow the low complexity MTC UEs to have a large possible deployment to start with. This solves the chicken and egg problem. On the other hand, above SIB1 indication does not mean the eNB can have the knowledge of LC MTC. It only says whether to allow to camp on. In narrow band deployment like 5MHz system bandwidth, with accepting some inefficiency, without any knowledge of LC MTC at eNB and without any modification of LC MTC UE, this SIB1 indication can be enabled. i.e. to allow LC MTC camp on. Such operation would allow a large possible deployment. Whether to accept such inefficiency should be operator's choice. To reject above RAN2 agreement i.e. LC MTC UE can camp on any eNBs means 1) all operators are required to accept such efficiency of LC MTC and/or 2) eNB continuously reject random access procedure from LC MTC UE. 
The restriction of CSI reporting like mentioned in [3] would reduce the inefficiency but some would be still remained. For wide band deployment like 20MHz, if eNB does not have knowledge of LC MTC UE, the restriction of CSI reporting proposed in [3] can be useful. In such case, it may be good to discuss 1) the restriction of CSI reporting itself by LC MTC UE in [3] and 2) the additional SIB1 flag to indicate whether the restriction of CSI reporting is required for LC MTC UE or not. This may solve the chicken and egg problem if the network is operating only wideband deployment.  

If the additional SIB1 flag for restricted CSI is introduced in addition to MTC UE access flag, there are three possible states described in the Table 1.
Table 1: The relation among access flag and CSI flag
	MTC UE access_flag
	Restricted CSI flag
	Behaviour and character

	Disabled
	Not valid
	- LC MTC UEs are not allowed to camp on in the cell.  
- Used when inefficiency caused by LC MTC UE's restricted CSI reporting is not acceptable and/or eNB cannot support LC MTC scheduling.

	Enabled
	Enabled
	- LC MTC UEs are allowed to camp on. Restricted CSI reporting shall be carried out by UE.
- Used when operator can accept the inefficiency of restricted CSI for the easier eNB deployment.

	Enabled
	Not enabled
	- LC MTC is allowed to camp on. Normal CSI is reported.

- Used when eNB scheduler is ready for LC MTC.


Restricted CSI reporting can make the large possible deployment and give more flexibility to eNB but also increase the effort of the implementation and test of LC MTC UEs. Narrow band deployment can be realized without such modification of UE. All these need to be considered more carefully.
· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)
Panasonic) 
For connected mode, the simultaneous transmission of data with SI-RNTI/RA-RNTI/P-RNTI and unicast is allowed. This allows 5MHz band deployment does not require the modification of the eNB, which helps chicken and egg problem. As eNB does not know when broadcast is received by UEs, the scheduler operation is not required to be modified. 
For idle mode, the simultaneous transmission of Paging and SIBs is not necessary when paging TBS size is more than 1000 bits. Because that paging does not support HARQ transmission, we don't think paging TBS size of 1000 bits are technically possible. In addition, the situation of simultaneous reception between paging and SIBs are very rare. If 1000 + 2216 bits are required to be decoded, UE should prioritize paging and receive SIBs later.   
· Transmission mode(s) supported by Cat. 0 UEs
Panasonic) The transmission mode handling is same as other categories.  TM 5/8/10 are optional. Same as category 1 UE [6], LC UE shall always set RI = 1in CSI feedback in TMs which support more than RI=1. 
· Whether or not EPDCCH is supported
Panasonic)  The handling is same with other categories, i.e. optional. It is useful for supporting large number of MTC UEs in a cell by using EPDCCH.
· Whether or not SPS is supported
Panasonic) Yes, it supports SPS as no technical restriction of "MTC operation".  SPS is not only for voice but can be used for the reduction on the control channels.
Discussion on HD-FDD operation of UE category 0

· Whether or not current specification is sufficient to handle Tx/Rx and Rx/Tx switching
Panasonic) We don't think current specification are sufficient regarding two aspects. This is valid also normal HD-FDD UE.
1. When UE receives downlink are not specified in non DRX operation.
In section 5.7 of [4], there is following text for DRX: "during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:", but there is no similar description in non-DRX case. This is required specification behaviour to realize HD-FDD schedulable from the eNB side. It should cover the case of both non-DRX and DRX. So UE behaviour of half duplex UE should be clarified also for non-DRX case in specification. DRX is configured when UE is not DRX. Therefore, current specification cannot support eNB configure DRX to UE when it is in non-DRX and it cannot handle FDD UE.
2. 100 km coverage restriction when eNB support HD-FDD UE but HD-FDD is mandatory for eNB.
In [5], it is defined that:

“Transmission of the uplink radio frame number 
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For HD-FDD, the total TA cannot satisfy the coverage of 100km when switching time is realized by TA by eNB implementation. In order to have the orthogonality between HD-FDD and normal UE, normal UE's TA also needs to be extended when the eNB deployment is 100km coverage. But legacy UEs only support up to 20512 Ts for both FD-FDD and HD-FDD. Therefore, if there is HD-FDD UE in the cell, it cannot deploy 100 km. On the other hand, the rejection of HD-FDD UE can be only possible by rejecting random access procedure, which is high burden. In order to solve this problem, we propose following behaviour. 
· Introducing the flag in SIB to indicate whether eNB support HD-UE or not. 

· If this flag is not enabled, HD-UE should not access this cell. Then eNB can operate 0 to 20512. This means to support 100 km range. 

· If this flag is enabled, HD-UE can access this cell. Scheduler is also prepared for HD-UE. eNB is always add 624 offset as implementation for switching time. This means eNB can operate from 624 to 20512-624. eNB does not support 100 km range.
· Assumption of the number of local oscillators
Panasonic) We prefers the single type of local oscillator assumption is better to simplify the system operation in both normal HD-FDD and HD-FDD LC-MTC UEs. If the current specification situation does not support HD-FDD, it can decide that the common assumption is single oscillator or two oscillators. If two types are required, it would be good to prepare SIB1 indication of eNB support of one oscillator.
· # of HARQ processes
Panasonic) No need to change number of HARQ processes for either one or two oscillators.
· Soft buffer management
Panasonic) It depends on the number of HARQ processes.
· Impact, if any, on PDCCH monitoring and CSI reporting
Panasonic) No specification changes are needed and leave it to eNB’s scheduling if one oscillator is used.
· Impact, if any, on PHICH handling
Panasonic) No specification changes are needed and leave it to eNB’s scheduling if one oscillator is used.
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