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Introduction
This tdoc discusses the remaining issues for Sub-PRB allocation including:
DMRS Pattern for 2 of 3 SC pi/2 BPSK
RU size for TDD
DCI design
TBS Table Design
Cyclic Repetition in CE Mode B 
Selection of SC for 2 of 3 SC pi/2 BPSK
DMRS Pattern for 2 of 3 SC pi/2 BPSK
Issue:  The DMRS pattern for the 2 of 3 SC pi/2 BPSK symbols has not yet been agreed.
Pre-defined Pattern or Pseudo Random Pattern
Given this agreement:
Each DMRS symbol is length-2 BPSK with DFT-S-OFDM.

The block diagram of the above agreement would look like this figure:
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The length-2 BPSK with DFT-S-OFDM will generate a single DMRS symbol on only one of the sub-carriers. This is because the output of FFT is: 
FFT ([+1 +1]) 	= [+2   0] 
FFT ([+1  -1])	= [  0 +2] 
FFT ([ -1  -1]) 	= [ -2   0] 
FFT ([ -1 +1]) 	= [  0  -2] 

The decision that needs to be made is if the DMRS symbols are modulated between the two subcarriers in a simple pre-defined pattern or pseudo random pattern. 

A pre-defined pattern is created when the two DRMS sequences only diff by a sign change. Examples of simple pre-defined patterns could be:


A pseudo random pattern is created if the two DRMS sequences into the FFT are independent and uncorrelated.

Pre-Defined Pattern Advantages:
The location of the DMRS symbols are easily determined by eNB
eNB could pick patterns with zero overlap 
There are many possible pre-defined patterns with 50% overlap
Random Pattern Advantages:
On average, the DMRS symbols would normally have 50% overlap

For ease of implementation, the following proposal is made:
Proposal: The two DMRS sequences will be designed to form a pre-defined pattern.

A good trade-off between complexity and performance is to choose ONLY two non-overlapping patterns from the above. Alternating between sub-carriers would provide the best channel estimation. The choice between the two patterns can be a function of the cell-ID. The following proposal captures this design:
Proposal: The DMRS pi/2 BPSK sequences R1(n) and R2(n) are calculated as:
R1(n) =    B(n)	   			modulation sequence 1
R2(n) =    B(n) (-1) (n+mod(2, cell_id)) 	modulation sequence 2
Where:  
B(n) is the base DMRS sequence
0<=n<=2*Repeats*RU’s   

DMRS Base Sequence B(n)
The DMRS base sequence needs to provide good cross correlation properties. Designing a new set of sequences would require specification time which is not available. The DMRS sequence used by NB-IOT single tone can be used directly without modification and has already been field tested. The base sequence B(n) would be defined as:
Proposal:	B(n) =  (1-2c(n)) w(n mod 16)
Where: 
0<=n<=2*Repeats*RU’s
w(n) is a Hadamard code as defined in Table 10.1.4.1.1-1 of TS 36.211
c(n) is a gold sequence as defined in section 10.1.4.1.1 of TS 36.211
Note: This s the same as the NB-IOT single tone DRMS sequence


TDD RU sizes 
Issue: No RU sizes have been decided for TDD. 

The following RU sizes have been agreed for FDD:
6 sub-carriers QPSK option = 2 SF
3 sub-carriers QPSK option = 4 SF
2 of 3 sub-carriers pi/2 BPSK option = 8 SF

The following down selection has been made:
Agreement
For sub-PRB transmissions in TDD, down-select between the following at RAN1#93 
· Alt. 1: In TDD, the RU length depends on TDD UL/DL configuration.
· Alt. 2: In TDD, the same RU lengths supported in FDD mode are re-used.

Alt 1 was original proposed in [1], Alt 2 was original proposed in [2].

Alt 1 advantages:
The RU length is optimized to end at a half-frame (5ms) so cross-SF channel estimation can be used across the half-frame.  The RU would need to start at the beginning of the half-frame.
Alt 2 advantages:
The TDD and FDD designs are similar
NB-IOT TDD agreed to re-use same RU lengths as FDD – good to have similar design as NB-IOT
Simpler encoding and decoding design with static RU size
Allocation can occur anywhere within the half-frame providing lower latency.
Code rates can be optimized – i.e. extra SF do not need to be added to get to the end of the half-frame

Although Alt1 may perform better in cases where the required transmission time fits within a half-frame, in other cases it will not. Also, given the limited time remaining for specification work, it is recommended to go with the simpler proposal. 

Proposal: In TDD, the same RU lengths supported in FDD mode are re-used.

DCI design 

The following general agreements have been made at RAN#192bis WRT DCI design:
The Sub-PRB DCI design for Mode A and B should not increase the DCI size by more than 3 bits
· The Sub-PRB DCI design will not limit scheduling options for Full-PRB legacy allocations for CE Mode A and B
CE Mode A
For Mode A DCI design the following additional agreement was made at RAN#192bis:
· For sub-PRB allocation in CE Mode A, there is no RRC configuration needed to indicate the
PRB location in the system bandwidth 
Sub-PRB location within PRB
# of sub-carriers
# of RUs
MCS Index

This section outlines a propoposed DCI design from CE mode A.

The following fields are unchanged from format 6-0A
Narrowband index
UL/DL Flag
HARQ process number 
New data indicator 
Redundancy version 
TPC command for scheduled PUSCH 
UL index 
Downlink Assignment Index (DAI) 
CSI request
SRS request
DCI subframe repetition number
Repetition number  
Modulation order override

A new 1 bit field to indicate “Sub-PRB Allocation” is added to DCI. 
When “Sub-PRB Allocation” field=0 this means the grant is for a Full-PRB allocations, with the following legacy fields unchanged:
	Field Name
	Bits
	Description

	PRB Assignment
	5
	Legacy

	MCS index
	4 
	Legacy

	Spare padding
	2
	New

	Total Bits
	11
	



When “Sub-PRB Allocation” field=1 this means the grant is for a sub-PRB allocations, with the following fields:
	Field Name
	Bits
	Description

	Allocation of PRB within NB and SC within PRB
	6
	6 PRBs within a NB and 10 values for the number of SC and their location within a PRB => 
60 possible allocations within a NB.

	MCS index
	3
	8 values for MCS index

	Number of RUs
	2
	3 values for number of RUs (1,2,4)

	Total Bits
	11
	



Summary:
	Size increase of DCI format 6-0A
	3 additional bits added 
1bit used in the Flag for PUSCH allocation/sub-PRB allocation differentiation
1bit added to define location within narrow band and number of SC 
1bit saved by reducing MSC from 4 to 3 bits
2bit used to indicate Number of RUs 


CE Mode B
For Mode B DCI design the following additional agreement was made at RAN#192bis:
· For sub-PRB allocation in CE Mode B, the PRB location(s) within the [system bandwidth or narrowband] is configured by RRC.

PRB locations within system bandwidth or narrowband.
This section discusses the choice between the configuring via RRC the PRB location(s) within the Alt 1: the system bandwidth or Alt 2: the narrowband

DCI Size consideration:
If the PRB location is signaled within the system bandwidth, the Narrowband Index field in the DCI is not needed for sub-PRB allocation but it is still needed for full-PRB allocation. If the sub-PRB allocation doesn’t need any more bits than full-PRB allocation for the location and MCS (which is the case in the design show in section 4.2.2), then no bits are saved by indicated the location within the system bandwidth vs the narrowband. 
Observation:  Configuring the PRB location within the system bandwidth may not reduce DCI size. 

Flexible allocation considerations: 
Given the agreement to not increase DCI size for flexible allocation, it is likely that the UE will be RRC signaling to shift the starting PRB of the allocation by either of {1, 2, 3} PRBs towards higher PRB thus there is no loss in flexibility or compatibility if the location is indicated within the narrowband.
Observation:  Configuring the PRB location within the narrowband is compatible with the flexible allocation feature.

Scheduling flexibility considerations: 
For a 10MHz system, if the PRB location is signaled within the system bandwidth, there are 6X less dynamic PRB scheduling choices thus there is a loss in scheduling flexibility which may require more RRC re-configuration. 
Observation:  Configuring the PRB location within the system bandwidth reduces scheduling flexibility and may trigger more RRC re-configurations

Given the above considerations, the following proposal is made:
Proposal:  For sub-PRB allocation in CE Mode B, the PRB location(s) within the narrowband is configured by RRC.

DCI Design
This section outlines a propoposed DCI design from CE mode B.

The following fields are unchanged from format 6-0B:
UL/DL flag
Narrowband index
HARQ process number 
New data indicator 
Redundancy version 
DCI subframe repetition number
Repetition number 

When “Sub-PRB Allocation” field=0 this means grant is for a Full-PRB allocations, with the following legacy fields unchanged:
	Field Name
	Bits
	Description

	PRB Assignment
	3
	Legacy

	MCS index
	4 
	Legacy

	Spare
	1
	new

	Total Bits
	8
	



When “Sub-PRB Allocation” field=1 this means grant is for a sub-PRB allocations, with the following fields:
	Field Name
	Bits
	Description

	PRB Assignment
	0
	Configured by RRC

	Allocation of SC within PRB
	4
	10 values for the number of SC and their location within a PRB
Six spare states

	MCS index
	3 
	8 values for MCS index

	Number of RUs
	1
	2 or 4

	Total Bits
	8
	



Summary:
	Size increase of DCI format 6-0B
	2 additional bits added 
1 bit used in the Flag for sub-PRB allocation differentiation
1 bit added to define location within narrow band and number of SC 
1 bit saved by reducing MSC from 4 to 3 bits
1 bit used to indicate Number of RUs




TBS design 
The following three main tenants were used in designing the TBS tables:
No new TBS values are introduced for CE mode A or B
The highest TBS should correspond to ~0.35 code rate with 4 RVs
Same TBS is used for all sub-PRB allocations (i.e. 2,3, or 6 sub-carriers)
CE Mode A
For mode A, three possible RUs per TB are suppported: 1,2,4 so three columns from the full-PRB CE Mode A TBS table are chosen. The hieght within the column is chosen so that the Pi/2 BPSK still has a code rate of <=0.33.
[image: ]
The above provides a good range of coding rates for all sub-carrier options (see table below) and allows re-use of the TBS table:
[image: ]

Proposal: Use above TBS table. 

CE Mode B
For mode B, two possible RUs per TB are suppported: 2,4 so two columns from the full-PRB CE Mode B TBS table are chosen. The hieght within the column is chosen so that the Pi/2 BPSK still has a code rate of <=0.33. The following TBS table could be used. 
[image: ]

The above provides a good range of coding rates for all sub-carrier options (see table below) and allows re-use of the TBS table:
[image: ]

Proposal: Use above TBS table. 

Cyclic Repetition in CE Mode B
Issue: It has not yet been decided if cyclic repetition will be supported for eMTC Sub-PRB transmissions for CE Mode B. 

Cyclic repetition is used in Sub-PRB NB-IoT and for Full-PRB transmission in eMTC CE Mode B. The main purpose of cyclic repetition is to enable symbol-level I/Q combining and to improve frequency/timing offset tracking. The disadvantage is that detection of the TBS would be delayed and some additional implementation complexity. If cyclic repetition is implemented, care must be taken to make sure the code rate is still maintained. Given a <0.3 code rate for 936 bits is only achieve when all four RVs have been sent and when 4 RUs have been sent which requires 64 SF of transmission (8 SF per RU*4 RV*4 RUs). This means for the BPSK option, cyclic repetition could only be used when >= 128 SF of transmission.  Given this limit of when cyclic repetition can be used, and the limited time for remaining to specify, it is proposed to not support cyclic repetition. 

Proposal: Cyclic repetition is not supported for sub-PRB allocation in both CE Mode A and CE Mode B.

Selection of SC for 2 of 3 SC pi/2 BPSK
Issue: Although there have been agreements made WRT to this issue already in RAN1#92:
· The location of the 2-of-3 subcarriers within the 3 subcarrier allocation is cell-specific 
· Use the Physical Cell ID along with a Modulo 2 operation to determine which 2 of 3 subcarriers will be used
There are still some remaining details.

Option #1:  Support changing 2-of-3 subcarrier location periodically. 
[bookmark: P2]Option #2:  2-of-3 subcarrier location is fixed in time where a Modulo 2 output of: 
“0” means that the two subcarriers with the lowest indexes 
“1” means that the two subcarriers with the highest

As stated in [1], the advantage of option 1 is that the interference would be randomized. It is unclear how often this would occur especially in CE Mode A where eNB has many options to assign UE different frequency locations.  Given the late state of the WI and the addition specification work needed here and the uncertain benifit, Option 2i is proposed.
Proposal: The 2-of-3 subcarrier location is fixed in time where a Modulo 2 of Cell ID output of: 
•	“0” means that the two subcarriers with the lowest indexes 
•	“1” means that the two subcarriers with the highest

Conclusions:
DMRS Pattern for 2 of 3 SC pi/2 BPSK:
2:1
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Proposal: The DMRS pi/2 BPSK sequences R1(n) and R2(n) are calculated as:
R1(n) =    B(n)	   			modulation sequence 1
R2(n) =    B(n) (-1) (n+mod(2, cell_id)) 	modulation sequence 2
Where:  
B(n) is the base DMRS sequence
0<=n<=2*Repeats*RU’s   

Proposal:	B(n) =  (1-2c(n)) w(n mod 16)
Where: 
0<=n<=2*Repeats*RU’s
w(n) is a Hadamard code as defined in Table 10.1.4.1.1-1 of TS 36.211
c(n) is a gold sequence as defined in section 10.1.4.1.1 of TS 36.211
Note: This s the same as the NB-IOT single tone DRMS sequence
TDD RU sizes:
Proposal: In TDD, the same RU lengths supported in FDD mode are re-used.
DCI Design CE Mode A Proposal:
A new 1 bit field to indicate “Sub-PRB Allocation” is added to DCI. 
When “Sub-PRB Allocation” field=0 this means the grant is for a Full-PRB allocations, with the following legacy fields unchanged:
	Field Name
	Bits
	Description

	PRB Assignment
	5
	Legacy

	MCS index
	4 
	Legacy

	Spare padding
	2
	New

	Total Bits
	11
	



When “Sub-PRB Allocation” field=1 this means the grant is for a sub-PRB allocations, with the following fields:
	Field Name
	Bits
	Description

	Allocation of PRB within NB and SC within PRB
	6
	6 PRBs within a NB and 10 values for the number of SC and their location within a PRB => 
60 possible allocations within a NB.

	MCS index
	3
	8 values for MCS index

	Number of RUs
	2
	3 values for number of RUs (1,2,4)

	Total Bits
	11
	



DCI Design CE Mode B Proposal:
For sub-PRB allocation in CE Mode B, the PRB location(s) within the narrowband is configured by RRC.
When “Sub-PRB Allocation” field=0 this means grant is for a Full-PRB allocations, with the following legacy fields unchanged:
	Field Name
	Bits
	Description

	PRB Assignment
	3
	Legacy

	MCS index
	4 
	Legacy

	Spare
	1
	new

	Total Bits
	8
	



When “Sub-PRB Allocation” field=1 this means grant is for a sub-PRB allocations, with the following fields:
	Field Name
	Bits
	Description

	PRB Assignment
	0
	Configured within the narrowband by RRC

	Allocation of SC within PRB
	4
	10 values for the number of SC and their location within a PRB
Six spare states

	MCS index
	3 
	8 values for MCS index

	Number of RUs
	1
	2 or 4

	Total Bits
	8
	



[bookmark: _GoBack]TBS design for CE Mode A Proposal:
[image: ]
TBS design for CE Mode B Proposal:
[image: ]
Cyclic Repetition in CE Mode B:
Proposal: Cyclic repetition is not supported for sub-PRB allocation in both CE Mode A and CE Mode B.
Selection of SC for 2 of 3 SC pi/2 BPSK:
Proposal: The 2-of-3 subcarrier location is fixed in time where a Modulo 2 of Cell ID output of: 
•	“0” means that the two subcarriers with the lowest indexes 
•	“1” means that the two subcarriers with the highest
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