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1. Introduction
In RAN 1 #74, PDSCH frequency allocation methods have been discussed, and concluded:
Conclusion:
· 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
In this paper, we discuss several different PDSCH frequency allocation methods with the cost saving, link performance, scheduling flexibility, and specification impacts. 
2. Discussion on PDSCH Frequency Allocation
Two issues on PDSCH frequency allocation are discussed in this section. One is reduced bandwidth allocation and the other is how to define/inform UE the allocation.
Continuous or distributed PRBs
Distributed PRBs have a better link performance due to the frequency diversity gain. 1~3dB coverage degradation [2] is expected with restriction of continuous 6 PRBs. On the other hand, distributed PRBs can be supported by all resource allocation types for PDSCH. Considering the link performance and the coverage, distributed PRBs should be supported by low-cost MTC. 
Observation #1: Distributed PRBs provides better link performance and 1~3dB coverage improvement than localized PRBs.
Proposal #1: Support distributed PRBs by low-cost MTC.
PDSCH frequency allocation
There are several candidate methods: 
· Fixed: Same frequency location in each subframe.
· Pre-defined: frequency location may be changed from subframe to subframe with a pre-defined pattern
· Semi-static: frequency location is signaled via higher layer signalling
· Dynamic: frequency location to be informed via DCI
1) Cost saving
“Dynamic” manner with current PDSCH and PDCCH timing relationship needs buffer the entire data channel, because UE does not know PDSCH position before PDCCH decoding. Therefore, there is no cost reduction on “Post-FFT data buffering”, which results in about 5.5% total cost saving loss than other manners (Two references in [2] shows 73%~74% cost reduction on “Post-FFT data buffering” for DL 3). In order to keep the same cost saving without losing scheduling flexibility, some enhancement is needed. For example, PDCCH is transmitted in the previous subframe before PDSCH transmission. 
Observation #2: “Dynamic” manner needs new timing relationship between PDSCH and PDCCH to keep the same cost saving with other manners. Otherwise, “Dynamic” manner has 5.5% cost saving loss than other manners. 
2) Link performance
Frequency diversity impacts to link performance. All the candidate methods can support distributed PRBs. However, for “fixed” or “pre-defined” or even “semi-static” manner, there may be some restrictions. The granularity of resource allocation type 0 and 1 is RBG (1~ 4 PRBs depends on the bandwidth). If the 6 PRBs are fully distributed, e.g., shown as Figure 1, it will have blocking issue for RA type 0 and 1 as discussed in EPDCCH WI. The reduced bandwidth can be pre-defined (or fixed) by RBG to avoid this restriction. However, compared with a full diversity order, some performance loss is expected. However, there is no restriction for “dynamic” manner to support distributed PRBs and obtain the same diversity gain with normal LTE UEs. 
Observation #3: “Dynamic” manner can better support distributed PRBs to obtain full diversity gain. 
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Figure 1 Distributed PRBs in different RGBs
3) Scheduling flexibility
 “Dynamic” method provides a full scheduling flexibility as other LTE UEs. eNB can schedule any PRB (less than 6 PRBs) within the full bandwidth for low-cost MTC UEs. However, for “fixed” or “pre-defined” method, low-cost MTC UEs can only be scheduled within the “pre-defined” PRBs. If there is only one group of 6 PRBs in each subframe for “fixed”, “pre-defined”, or “semi-static” method, the number of low-cost MTC UEs served in one subframe is limited. 
Observation #4: “Dynamic” method has similar scheduling flexibility compared with other LTE UEs and other methods have limitation or low scheduling flexibility.
4) Spec impact
All the methods have specification impacts. For example, in order to support “fixed” or “pre-defined” method, a pre-defined rule/pattern is needed for low-cost MTC UEs to obtain the PRB. The number of MTC UEs supported in one subframe should be further evaluated. this pre-defined rule/pattern. 
“Semi-static” manner requires a higher layer signaling. In addition, “semi-static” cannot work alone since such manner cannot be used for initial access and another scheduling manner is needed for initial access. 
“Dynamic” manner needs a new timing relationship between PDSCH and PDCCH to keep the same cost saving with others. Details on new timing relationship between PDSCH and PDCCH are discussed in next section. However, in order to support coverage enhancement, where a new PDSCH and PDCCH timing relationship is expected [3] for any method. In addition, considering the coverage problem, more resources are expected for each MTC UE. Therefore, more available resources, that can be used to serve low-cost MTC UE, become more important. “Dynamic” manner can use full bandwidth to support more MTC UEs, while other manners have scheduling limitation. 
In addition, for non-dynamic manners, new definition of resource allocation field in DCI is expected or a new DCI format needs to be introduced, because reduced bandwidth is scheduled in a non-dynamic manner. Since UL supports full band, and DCI format 0 and 1A share the same payload, new DCI format (compact DCI) should be carefully designed without increasing blind detection times.
The comparisons between different scheduling methods are summarized in Table 1. Based on the observations, we recommend “dynamic” manner with a new PDSCH and PDCCH timing relationship to be adopted for low-cost MTC. 
Proposal #2: “Dynamic” method with a new PDSCH and PDCCH timing relationship is recommended due to better link performance and scheduling flexibility with the same cost saving.
Table 1 Comparison of different methods
	
	Fixed
	Pre-defined
	Semi-static
	Dynamic Alt 1
	Dynamic Alt 2

	Cost reduction
	Same
	Same
	Same
	Same
	~5.5 % cost saving loss

	Link performance
	Loss 
	Loss
	Loss
	Similar with LTE UEs
	Similar with LTE UEs

	Scheduling Flexibility
	Limited
	Limited
	Limited/Low
	High
	High

	Spec impact
	Defined a fixed location
	Defined a pre-defined pattern
	A new high layer signaling.
Another manner for initial access.
	New timing relationship. 
	None


3. New timing relationship between PDSCH and PDCCH
In current LTE system, PDCCH and PDSCH are transmitted in the same subframe. In order to know the PDSCH resource allocation in advance, DCI needs to be decoded before PDSCH arriving. One simple solution is PDSCH is transmitted in the next subframe after PDCCH for FDD (the next downlink subframe for TDD).  
Current HARQ timing relationship can be adopted as this new PDSCH and PDCCH timing relationship by following the PDSCH subframe. There will have PUCCH resource collision between legacy UE and low-cost MTC UE. For example, PDSCH in subframe n for low-cost MTC UE is scheduled by a DCI in subframe n-1. The corresponding PUCCH is transmitted in subframe n+4 that also contains PUCCH for legacy UE whose resource allocation is decided by PDCCH in subframe n. However, it is easy to be solved with similar method as EPDCCH, e.g., HARQ-ACK resource offset in DCI.
In order to share the same broadcasting channels, two DCIs in different subframes can be introduced. For example, as shown in Figure 2, the DCI for low-cost MTC UEs scheduling PDSCH conveying SIBs are transmitted one subframe ahead and the DCI for normal LTE UEs is transmitted in the same subframe with PDSCH. Different DCI formats with different payload size or a new SI-RNTI can be introduced so that normal LTE UEs cannot decode the DCI for low-cost MTC UEs. There will introduce extra but minor control overhead since additional DCI is only needed for broadcasting channels. In addition, if a new broadcasting channel is introduced for low-cost MTC UEs, no need to worry about this decoupled timing relationship. 
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Figure 2 Two DCIs scheduling the same PDSCH carrying broadcasting channels with different PDSCH and (e)PDCCH timing relationship
4. Conclusion 
In this contribution, we present more detailed analysis on reduced bandwidth. Some observations are made: 
Observation #1: Distributed PRBs provides better link performance and 1~3dB coverage improvement than localized PRBs.
Observation #2: “Dynamic” manner needs new timing relationship between PDSCH and PDCCH to keep the same cost saving with other manners. Otherwise, “Dynamic” manner has 5.5% cost saving loss than other manners. 
Observation #3: “Dynamic” manner can better support distributed PRBs to obtain full diversity gain. 
Observation #4: “Dynamic” method has similar scheduling flexibility compared with other LTE UEs and other methods have limitation or low scheduling flexibility.
Based on these observations, we proposed:
Proposal #1: Support distributed PRBs by low-cost MTC.
Proposal #2: “Dynamic” method with a new PDSCH and PDCCH timing relationship is recommended due to better link performance and scheduling flexibility with the same cost saving.
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