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1 Introduction
In the RAN1 #74 meeting, some issues related to a new UE category were discussed and the following conclusions on frequency location were achieved: 
· 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

Regarding the issues other than frequency location, such as the reduction of number of HARQ processes or how to maintain the same cost savings as fixed central 6 PRBs, etc., there are no conclusions. This contribution will discuss these issues and the remaining details about frequency allocation. 
2 Discussion
2.1 Frequency location 
According to the TR36.888 in [1], basically there are four options for PDSCH frequency location:

· Option 1: Fixed frequency location 

· Option 2: Semi-statically configure the frequency location by high layer signaling
· Option 3: Dynamic frequency location via PDCCH
· Option 4: Pre-defined pattern for frequency location
The benefits and drawbacks for above four options were analyzed in [2]. According to the conclusions in the last meeting, all the processes for PDSCH frequency location can be classified into two categories: initial access and subsequent access. The conclusions also show that all options except semi-static option are possible for initial access (semi-static option is naturally excluded as there is no access yet) and only semi-static and dynamic options are considered for the subsequent access. The following discussion continues analyzing the benefits and drawbacks for the candidate options.
2.1.1 Initial access
The pre-defined, fixed or dynamic options can be applied for PDSCH frequency location for initial access for new category UEs. In our understanding, the initial access for PDSCH mainly focuses on SIB and RAR transmissions.

For the pre-defined and fixed options, the UE can only buffer the pre-defined (fixed PDSCH) frequency location for cost saving reduction. However, it is obvious that scheduling flexibility is lost and scheduling limitations for legacy UEs are introduced. 
The dynamic option provides the maximum scheduling flexibility and eliminates scheduling limitations for legacy UEs. This option can also reuse the current DCI formats to minimize the divergence between new category UEs and other UEs with delay tolerance (i.e., UEs operating delay tolerant MTC applications with respect to their respective nominal coverage). Spectral efficiency degradation can be avoided as there is no frequency selective scheduling loss by dynamic scheduling. The cost saving may decrease as new category UEs have to buffer the entire carrier bandwidth before it gets the PDSCH frequency location via the PDCCH. The buffer problem can be resolved when a new timing relationship (e.g., cross subframe scheduling) between PDCCH and corresponding PDSCH is considered. The specification impact would be moderate as anyway defining the timing relationship between PDCCH and corresponding PDSCH is necessary under the coverage enhancement case.
If the dynamic option and new timing relationship are applied for initial access, two PDCCHs are needed to indicate the SIB/RAR frequency location. However, when the initial access frequency location is fixed or pre-defined for new category UEs, one PDCCH to indicate SIB/RAR frequency location is sufficient for both new category UEs and legacy UEs if no dedicated SIB/RAR is introduced for new category UEs. So, there may be some benefit that the fixed or pre-defined option is better than dynamic option depending on whether new or existing SIBs are used. Table 1 shows the summary of benefits and drawbacks for different options on initial access.
Table 1: Analysis of different options for initial access
	
	Fixed option
	Pre-defined option
	Dynamic option

	Counter deep fade
	Low
	Moderate
	High

	Scheduling flexibility
	Low
	Low
	High

	DCI size
	Compact
	Compact
	Normal

	Frequency selective scheduling gain
	None
	None
	Normal

	Cost reduction
	Same as TR36.888
	Same as TR36.888
	Same as TR36.888 with timing change

Decrease without timing change

	Spec impact
	Low
	High
	Moderate with timing change (also needed for coverage enhancement)

None without timing change


Proposal 1: The pre-defined, fixed, or dynamic options can work for initial access frequency location, but the fixed and pre-defined options may be better than the dynamic option depending on whether new or existing SIBs are used.
2.1.2 Subsequent access
Semi-static or dynamic frequency location can be applied to subsequent access for new category UEs. In our view, subsequent access mainly focuses on paging and UE specific downlink transmission.
For the semi-static option, the benefit is that UE can only buffer the frequency location it knows in advance to achieve cost savings, which is similar to pre-defined and fixed options. This option enables better scheduling flexibility than pre-defined or fixed manner as the eNB can semi-statically configure or update the frequency location for reduced downlink bandwidth by high layer signaling. However, there still exist scheduling limitations for legacy UEs. 
As mentioned above, the dynamic option could provide the maximum scheduling flexibility and the best frequency selective scheduling gains. 
Regarding the paging frequency location, since it is conveyed in CSS, it is proposed to use the same frequency location option as initial access in order to simplify the design of eNB scheduling. For UE specific downlink transmission, there is little difference (other than 6PRBs) on frequency scheduling between new category UEs and legacy UEs. Thus, the same scheduling manner (i.e., dynamic scheduling) as legacy UEs can be reused. As mentioned above, cross subframe scheduling can maintain the cost saving of the dynamic option for UE specific downlink transmission, and the specification impact would be moderate Table 2 lists the benefits and drawbacks for different options on UE specific downlink transmission.
Table 2: Analysis of different options for UE specific downlink transmission 

	
	Semi-static option
	Dynamic option

	Counter deep fade
	Moderate
	High

	Scheduling flexibility
	Moderate
	High

	DCI size
	Compact
	Normal

	FSS gain
	Depend on CSI feedback and traffic model
	Normal

	Cost reduction
	Same as TR36.888
	Same as TR36.888 with timing change

Decrease without timing change

	Spec impact
	Low
	Moderate with timing change (also needed for coverage enhancement)

None without timing change


Proposal 2: It is proposed to use dynamic scheduling for UE specific frequency location for new category UEs.

Proposal 3: It is proposed to use the same frequency location option as initial access for paging for new category UEs.

2.2 Localized or distributed 6 PRB

According to the WID, the downlink bandwidth for data channel in baseband is reduced to 1.4MHz, which means the maximum downlink resources for PDSCH for new category UEs are 6 PRBs. However, it is unclear if the 6 PRBs are localized or distributed. Since the bandwidth for RF is not reduced, the UE can receive the 6 PRBs anywhere in the carrier bandwidth, either with distributed or localized type. Considering distributed type could provide frequency diversity gain, it is preferred that distributed type is not excluded for bandwidth reduction.
Proposal 4: The 6 PRBs can be localized or distributed.
2.3 Number of HARQ processes
Considering the features of small data transmission and delay tolerance for MTC UE’s traffic application, the number of HARQ processes can be reduced to obtain further cost saving (about 2~3% overall cost saving) as part of bandwidth reduction. The number could be 4 for example considering the tradeoff between cost saving and latency.

Moreover, when control channel and its scheduled data are transmitted within separate subframes as dynamic scheduling, it is convenient to reduce the number of HARQ processes, though not required. 

Proposal 5: The number of DL HARQ processes can be reduced to obtain further cost saving.

2.4 New timing relationship
In TR36.888 [1], the cost saving estimate assumes the frequency location for the reduced bandwidth is to be fixed at the center of the carrier bandwidth. As mentioned above, dynamic scheduling may decrease the cost saving. However, a new timing relationship between PDCCH and corresponding PDSCH (control channel and corresponding PDSCH are not in the same subframe) can keep the same cost reduction as given in the TR36.888. For example, UE could first detect the control channel. After the control channel is successfully decoded, it can acquire the frequency location of the reduced DL bandwidth. Then, UE only needs to buffer the PRBs where data is transmitted according to the DL assignment.
In [2], an example shows that PDCCH in subframe n is used to schedule data in the subframe with a delay relative to subframe n, say subframe n+2, which is shown again in Figure 1.
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Figure 1. Control and corresponding PDSCH channels are not in the same subframe

Proposal 6: Transmitting control channel and its scheduled data within separate subframes can keep the same cost saving as evaluated in the TR36.888. 
3 Conclusions
In this contribution, the remaining issues with respect to new category UEs are discussed, and the following proposals are given:

Proposal 1: The pre-defined, fixed, or dynamic options can work for initial access frequency location, but the fixed and pre-defined options may be better than the dynamic option depending on whether new or existing SIBs are used.

Proposal 2: It is proposed to use dynamic scheduling for UE specific frequency location for new category UEs.

Proposal 3: It is proposed to use the same frequency location option as initial access for paging for new category UEs.

Proposal 4: The 6 PRBs can be localized or distributed.

Proposal 5: The number of DL HARQ processes can be reduced to obtain further cost saving.

Proposal 6: Transmitting control channel and its scheduled data within separate subframes can keep the same cost saving as evaluated in the TR36.888. 
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