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1 Introduction

In email discussion[1] after RAN1#76 meeting, PDSCH PRB location options for low cost UEs not in coverage enhancement are provided as following:
Common channels

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame (At least, one sub-option below should be selected)

· C1.1 Keep the same number of blind decoding trials 

· C1.2 Reduce PDCCH blind decoding trials

· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same subframe to indicate exact resource allocation (At least, one sub-option in each category below should be selected) 
· SIB1 Options

· C2.1.1 SIB1 PRB’s location is indicated within MIB

· C2.1.2 The UE assumes PRB locations based on the previous DCI to assign the previous SIB1 

· C2.1.3 PRB location is pre-define in the standard

· SIBs (excluding SIB1) Options

· C2.2.1 PRB location is indicated within SIB1

· C2.2.2 The UE assumes PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window.

· C2.2.3 PRB location is pre-define in the standard

· C2.2.4. PRB’s location is indicated within MIB

· RAR(Msg2) Options

· C2.3.1 PRB location is indicated within a SIB

· C2.3.2 PRB location is pre-define in the standard

· C2.3.3 PRB’s location is indicated within MIB

· Paging Options

· C2.4.1 PRB location is indicated within a SIB

· C2.4.2 The UE assumes PRB locations based on the previous DCI to assign the previous page

· C2.4.3 PRB location is pre-define in the standard

· C2.4.4 PRB location is RRC configured

· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (At least, one sub-option below should be selected)
· C3.1 PDCCH is in the previous sub-frame with a method to avoid impact to legacy UE such as using new cell common RNTI, a new DCI with different payload size,  when sharing PDSCH with normal UEs.

· C3.2 PDSCH is in the sub-frame following PDCCH when sharing PDCCH with normal UEs.
· Option C4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band
Unicast transmissions

· Option U1:PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe (At least one sub-option in each category below is should be selected)

· Blind Decoding

· U1.1 Keep the same number of blind decoding trials 

· U1.2 Reduce PDCCH blind decoding trials

· Scheduling Channel

· U1.3 Using PDCCH 

· U1.4 Using ePDCCH

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation .   (At least one sub-option below is required to be implemented for low cost UE)

· U2.1 RAR(Msg2) assigns the semi-static PRB location for the LC UE 
· U2.2 Msg4 assigns the semi-static PRB location for the LC UE, and PRBs for Msg4 are pre-defined or configured 
· U2.3 A RRC message later than Msg4 assigns semi-static PRB location, and PRBs for PDSCH before and including the RRC message  indicating semi-static PRB location are pre-defined or configured
· U2.4 SIB broadcasts indication(s) of one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· U2.5 Specifications define one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· Option U3: (E)PDCCH cross subframe scheduling using C-RNTI

· Option U4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band.
In this contribution, PDSCH PRB location options for common channels and unicast transmissions for low cost UEs not in coverage enhanced mode are further clarified and discussed.

2 PRB locations for common channels
Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame.
Better scheduling gain/flexibility can be achieved without introducing additional complexity for eNB scheduling, and minimal specification impact is expected for Option C1. Besides, PRACH partitioning for low cost MTC UEs may not be needed if Option C1 is selected.
But in order to support dynamic scheduling, low cost MTC UEs need to buffer all post-FFT data throughout the entire system bandwidth, at least within the first few OFDM symbols, e.g., within the first slot of the subframe. Therefore, Option C1 may reduce cost saving. Reducing PDCCH blind decoding trials(Option C1.2) can be adopted as an optimization design to avoid buffering excessive post-FFT data throughout the entire system bandwidth,  which is not helpful for cost saving.
Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same subframe to indicate exact resource allocation.
Low cost MTC UEs can know the PRB locations in advance by means of Option C2. However, both network operation and scheduler flexibility will be partially restricted. The performance of common channels could have small degradation due to the loss in frequency selective scheduling gain. But even frequency selective scheduling of low cost MTC UEs cannot meet the requirement of scheduling flexibility, in order to acquire the required flexibility, eNB scheduler may make use of time domain selective scheduling instead. Specifically, the larger system bandwidth, the smaller influence on frequency scheduling flexibility of legacy UEs. 
When/if PDSCH PRB locations are changed in a pre-defined pattern, in order to avoid interference between neighboring cells, different pre-defined PRB locations which are determined by some parameters (e.g. CellID and subframe index, etc) for different/neighboring cells can be considered. As shown in Figure 1 (20MHz system bandwidth and 15 PRBs’ DL receive bandwidth for low cost MTC UEs are assumed), different PRB locations are pre-defined according to the subframe index for different cells. 
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Figure 1: Different pre-defined PRB locations in terms of CellID and subframe index
for neighboring cells
Additional specification impact, e.g., definition of PRB location pattern is expected if PDSCH PRB locations can be changed in a pre-defined pattern. Higher/physical layer signalling may be needed to inform the low cost MTC UEs the PRB locations if PDSCH PRB locations can be changed semi-statically. Specifically, MIB can be used to indicate PRB locations of common channels(Option C2.1.1, C2.2.4, C2.3.3), but using spare bits in MIB may be not prefered at this stage even though this method is simplest. SIB1/other SIBs can also be used to indicate PRB locations of common channels(Option C2.2.1, C2.3.1, C2.4.1), but considering that SIB1/other SIBs are shared by legacy UEs at the same time, the indication by using SIB1/other SIBs may have some impact on legacy UEs.
Alternatively, low cost MTC UEs can also acquire PRB locations by implementation method if PDSCH PRB locations are changed semi-statically, e.g., the UE assumes PRB locations based on the previous DCI to assign the previous common data(Option C2.1.2, C2.2.2, C2.4.2), but this may cause performance loss and additional  delays in common channels (e.g., SIB) reception.
Besides, considering the limited number of potential PRB locations, even though interaction and signaling indication methods are used for semi-static manner, the coordination effect between different/neighboring cells will be limited. And due to measurement inaccuracy and coordination delay, the effect of solving interference issue by semi-statically indicating PRB locations with control signaling may not be better than the pre-defined methods.
Option C3: PDSCH within the entire bandwidth scheduled by PDCCH.
Low cost MTC UEs can know the PRB locations in advance, and better scheduling gain/flexibility can be achieved by means of Option C3. However, eNB scheduling and UE implementation complexity will be increased due to the introduction of new procedures and new timing relationship between PDCCH and PDSCH.
Specifically, in order to avoid impact to legacy UEs, a new DCI with a new cell common RNTI and different payload size(Option C3.1) can be considered. But in this case, additional PDCCH overhead is expected for SIB and possibly RAR scheduling considering the existence of legacy UEs. Alternatively, the method of sharing PDCCH with legacy UEs(Option C3.2) can be used.
Potential specification work may include when to transmit PDSCH after PDCCH transmission, a new DCI and/or a new cell common RNTI.
Option C4: The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band.
Low cost MTC UEs can know the PRB locations in advance, therefore minimal specification impact is expected by means of Option C4. But both network operation and scheduler flexibility will be severely restricted.
In order to avoid/alleviate interference between neighboring cells, different/neighboring cells having different fixed 6 PRB locations/band determined by cell ID may be considered.
Potential specification work may include definition of fixed 6 PRB locations/band.
3 PRB locations for unicast transmissions
Option U1:PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe.
Better scheduling gain/flexibility can be achieved without introducing additional complexity for eNB scheduling, then the performance of unicast transmissions will not be affected., Besides, minimal specification impact is expected for Option U1.

But in order to support dynamic scheduling, low cost MTC UEs need to buffer all post-FFT data throughout the entire system bandwidth, at least within the first few OFDM symbols, e.g., within  the first slot of the subframe. Therefore, Option U1 may reduce cost saving. Reducing PDCCH blind decoding trials(Option U1.2) can be adopted as an optimization design to avoid buffering excessive post-FFT data throughout the entire system bandwidth which is not helpful for cost saving. Considering EPDCCH spanning the entire data region of one subframe, and using EPDCCH may need store  more post-FFT data,  only using PDCCH(U1.3) may be preferable.
Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation.
Low cost MTC UEs can know the PRB locations in advance for Option U2. However, both network operation and scheduler flexibility will be partly restricted. 
Higher layer signalling may need to be introduced to inform PRB locations for low cost MTC UEs. Specifically, considering that Msg2 is also used by legacy UEs, Option U2.1 may have some impact on legacy UEs. For both Option U2.1 and U2.2, the modification of PRB locations will cause new RA procedure. PRB locations for PDSCH before and including the RRC message need to be pre-defined or configured for Option U2.3. Option 2.4 may have some impact on legacy UEs since SIBs are shared by legacy UEs. The flexibility  of Option U2.5 is lower than that of Option U2.3 and U2.4.
Option U3: (E)PDCCH cross subframe scheduling using C-RNTI.
Low cost MTC UEs can know the PRB locations in advance, then better scheduling gain/flexibility can be achieved. The performance of unicast transmissions will not be affected for Option U3. However, eNB scheduling complexity and UE implementation complexity will be increased due to the introduction of new procedures and new timing relationship between (E)PDCCH and PDSCH.
Potential specification work may include when to transmit PDSCH after (E)PDCCH transmission and ACK/NACK feedback timing for PDSCH. When the new HARQ timing is introduced, in order to avoid the collision of PUCCH resources between low cost UEs and legacy UEs, additional handling on implicit PUCCH resource linked to PDCCH resource together with UE-specific offset NPUCCH(1) will be needed by eNB scheduler, or other solutions should be considered, e.g., multiple UE-specific PUCCHs can be pre-defined for low cost MTC UEs.
Option U4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band.
Low cost MTC UEs can know the PRB locations in advance, and minimal specification impact is expected for Option U4. But both network operation and scheduler flexibility will be severely restricted.
If all the low cost MTC UEs are scheduled in the same 6 PRB locations/band, it may bring capacity issue. In order to avoid/alleviate interference between neighboring cells, different/neighboring cells having different fixed 6 PRB locations/band determined by CellID may be considered.

Potential specification work may include definition of fixed 6 PRB locations/band.
4 Classifications of PRB locations for common channels
Considering that SIB1 and other SIBs are transmitted within the same subframe, the same class of PRB locations should be defined for SIB1 and other SIBs. The potential classifications of PRB locations for common channels is as shown in Table 1.
Table 1: Classifications of PRB locations for common channels
	
	Option 1
	Option 2
	Option 3
	Option 4

	Class 1
	SIB1/other SIBs/RAR/paging
	SIB1/other SIBs
	SIB1/other SIBs/RAR
	SIB1/other SIBs

	Class 2
	-
	RAR/paging
	paging
	RAR

	Class 3
	-
	-
	-
	paging


For Option 1, Option 2 and Option 3, if SIB1 and other SIBs are considered as the same common channel, at least two of all the common channels will share the same class of PRB locations. Considering the agreement in RAN1#76 meeting “The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI”, and that PRB locations(e.g., 15 PRBs) for common channels are designed only for one “2216 bits”, and that specification does not clearly indicate not to allow multiple common transmissions within the same subframe, Option 4 which support multiple common transmissions with the maximum/relative large TBS within the same subframe should be adopted.
Proposal 1: Separate/different classes of PDSCH PRB locations should be defined for SIB1/other SIBs, RAR and paging.
When multiple common and/or unicast channels, which have different PRB locations defined, are transmitted within the same subframe, low cost MTC UEs can determine the current received channel type according to the pre-defined or configured priority of the common and/or unicast channels.
5 Subsequent analysis
Table 2: Comparison of PRB location options for common channels
	
	C1
	C2

	
	C1.1
	C1.2
	C2.1.1
	C2.1.2
	C2.1.3
	C2.2.1
	C2.2.2

	Cost
	High
	Medium
	Low
	Low
	Low
	Low
	Low

	Scheduling flexibility
	High
	High
	Medium
	Low
	Medium
	Medium
	Low

	Scheduler complexity
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Performance
	Better
	Better
	Medium
	Worse
	Medium
	Medium
	Worse

	Specification impact
	Small
	Small
	Large
	Small
	Small
	Large
	Small

	
	C2

	
	C2.2.3
	C2.2.4
	C2.3.1
	C2.3.2
	C2.3.3
	C2.4.1
	C2.4.2

	Cost
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Scheduling flexibility
	Medium
	Medium
	Medium
	Medium
	Medium
	Medium
	Low

	Scheduler complexity
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Performance
	Medium
	Medium
	Medium
	Medium
	Medium
	Medium
	Worse

	Specification impact
	Small
	Large
	Large
	Small
	Large
	Large
	Small

	
	C2
	C3
	C4
	-
	-

	
	C2.4.3
	C2.4.4
	C3.1
	C3.2
	C4
	-
	-

	Cost
	Low
	Low
	Low
	Low
	Low
	-
	-

	Scheduling flexibility
	Medium
	Medium
	High
	High
	Low
	-
	-

	Scheduler complexity
	Low
	Low
	High
	High
	Low
	-
	-

	Performance
	Medium
	Medium
	Better
	Better
	Worse
	-
	-

	Specification impact
	Small
	Small
	Large
	Large
	Small
	-
	-


Table 3: Comparison of PRB location options for unicast transmissions
	
	U1
	U2

	
	U1.1
	U1.2
	U1.3
	U1.4
	U2.1
	U2.2
	U2.3

	Cost
	High
	Medium
	Medium
	High
	Low
	Low
	Low

	Scheduling flexibility
	High
	High
	High
	High
	Medium
	Medium
	Medium

	Scheduler complexity
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Performance
	Better
	Better
	Better
	Better
	Medium
	Medium
	Medium

	Specification impact
	Small
	Small
	Small
	Small
	Medium
	Medium
	Medium

	
	U2
	U3
	U4
	-
	-
	-

	
	U2.4
	U2.5
	U3
	U4
	-
	-
	-

	Cost
	Low
	Low
	Low
	Low
	-
	-
	-

	Scheduling flexibility
	Low
	Low
	High
	Low
	-
	-
	-

	Scheduler complexity
	Low
	Low
	High
	High
	
	
	

	Performance
	Medium
	Medium
	Better
	Worse
	-
	-
	-

	Specification impact
	Large
	Medium
	Large
	Small
	-
	-
	-


Comparison of PRB location options for common channels is shown in Table 2, while comparison of PRB location options for unicast transmissions is shown in Table 3.
The cost saving by bandwidth reduction comes from knowing the PRB locations in advance for post-FFT data buffering. As long as the UE knows the PRB locations prior to receiving data channel, some cost savings from post-FFT data buffering can be achieved. From the perspective of cost saving, Option C1 for common channels and Option U1 for unicast transmissions may not be recommended.
Considering that common channels are for multiple or all the low cost UEs while unicast transmissions are for only one low cost MTC UE, the requirement of frequency selective scheduling for unicast transmissions will exceed that for common channels. Therefore, Option U3 for unicast transmissions can be recommended. considering small gain and large specification impact, Option C3 for common channels may not be recommended.
From the perspective of the performance, Option C2 is preferable compared with Option C4 for common channels. Further, considering the specification impact, control overhead,  small scheduling gain and limited interference coordination effect, the pre-defined manner is preferable compared with the semi-static manner for common channels.
Observation1: PDSCH PRB locations may be determined according to the RNTI type. 
Observation2: PDSCH PRB locations can be pre-defined if PDSCH is scheduled by SI-RNTI, RA-RNTI, or P-RNTI scrambled PDCCH, and PDSCH PRB locations can be changed dynamically if PDSCH is scheduled by C-RNTI or Temp-C-RNTI scrambled (E)PDCCH.

Proposal 2: For common channels, PDSCH PRB locations buffered by low cost MTC UEs are pre-defined.

Proposal 3: For unicast transmissions, cross-subframe scheduling is applied for low cost MTC UEs.

In the case that common channels and unicast transmissions are transmitted within the same subframe and concurrent reception is required for a low cost MTC UE, the overlapped PRB locations of common channels and unicast transmissions will be preferable.
6 Conclusions

In this contribution, we have clarified and discussed PDSCH PRB location options for common channels and unicast transmissions for low cost UEs not in coverage enhanced mode. We make the following observations and proposals:
Observation1: PDSCH PRB locations may be determined according to the RNTI type. 

Observation2: PDSCH PRB locations can be pre-defined if PDSCH is scheduled by SI-RNTI, RA-RNTI, or P-RNTI scrambled PDCCH, and PDSCH PRB locations can be changed dynamically if PDSCH is scheduled by C-RNTI or Temp-C-RNTI scrambled (E)PDCCH.
Proposal 1: Separate/different classes of PDSCH PRB locations should be defined for SIB1/other SIBs, RAR and paging.

Proposal 2: For common channels, PDSCH PRB locations buffered by low cost MTC UEs are pre-defined.
Proposal 3: For unicast transmissions,  cross-subframe scheduling is applied for low cost MTC UEs.
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