
[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #87                                R1-1701881
Athens, Greece 13th - 17th February 2017

Source: 		NEC
Title:	      Resource allocation schemes for Rel-14 BL/CE UE (5MHz) 
Agenda Item:		7.2.3.1.1
Document for:	Discussion and Decision
Introduction
In the last few meetings, larger maximum channel bandwidth of PDSCH/PUSCH for Rel-14 FeMTC has been discussed and the following agreements were reached:
Agreement at RAN1#86:
· The wider bandwidth operation is enabled by eNB.
· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.
· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.
Agreement at RAN1#86:
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.
· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.
Agreement at RAN1#86bis:
· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For the 5-MHz BL UE
· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.
· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.
At RAN1#87:
Agreements:
· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth
· 24 PRBs is the maximum number of PRBs that can be allocated
· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth
· 96 PRBs is the maximum number of PRBs that can be allocated
· The PUSCH allocation for FeMTC UEs with larger BW can include at least certain PRBs that are not part of narrow bands defined in LTE Release 13
· This includes at least the central PRB in case of odd system bandwidth
· FFS: PRBs at the band edges that do not belong to any narrowband
Agreement:
· For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported
· For Rel-14 non-BL UEs configured with max 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported.  

In this contribution, we discuss the resource allocation schemes for PDSCH/PUSCH in wider channel bandwidth of 5MHz for Rel-14 BL/CE UE and provide some proposals at the end. 

Resource allocation schemes for PDSCH in mode A/B
In RAN1#87, it was agreed that the PDSCH allocation for FeMTC UEs supporting larger BW is limited to resource blocks (RBs) that are part of narrowbands defined in LTE Release 13. Based on this agreement as well Rel-13 narrowband definition, the possible narrowbands that can be allocated for FeMTC UE from the current operational LTE bandwidths will be as follows:
	Table 1. Number of narrowbands and number of allocatable RBs in each system bandwidth
	Bandwidth
	Number of narrowbands (M)
	Max number of allocatable RBs for PDSCH 
	Remaining RBs

	5MHz
	4 NBs
	24RBs
	One RB at the centre


	10MHz
	8 NBs
	48RBs
	Two RBs at the edges (i.e. one RB at each edge)

	15MHz
	12 NBs
	72RBs
	Two RBs at the edges (i.e. one RB at each edge) and one RB at the centre 

	20MHz
	16 NBs
	96RBs
	Four RBs at the edges(i.e. two RBs at each edge)



In addition, it was agreed that contiguous and non-contiguous resource allocation (RA) will be supported in order to be able to multiplex Rel-14 FeMTC UEs with legacy Rel-13 eMTC UEs. In case of non-contiguous allocation, a granularity of RBG or narrowband were discussed in the last meeting and we think it is reasonable to consider a granularity of narrowband in order to minimize the signaling overhead in DCI format. Furthermore, it was agreed that if a new grant is introduced for supporting the larger bandwidth of PDSCH, the number of blind decodings of MPDCCH should not increase with respect to Rel-13 eMTC. This means that two DCI formats will unlikely be supported, consequently a new DCI format is necessary which can schedule up to 6RBs as in Rel-13 eMTC as well as supporting a non-contiguous resource allocation (RA) when resource allocation size is greater than 6RBs. 
Based on the above discussion, we suggest the following resource allocation for PDSCH for 5MHz max PDSCH channel bandwidth:
· 
In case the resource allocation is up to 6RBs within a single indicated narrowband, we propose to keep the current Rel-13 resource allocation of using +5 bits. Note the 5 bits provide up to 32 resource indication values (RIV) and hence there are 11 states that are entirely unused corresponding partially to a bit pattern of 11xxx.
· In case the resource allocation is more than one narrowband, we suggest to re-apply the Rel-13 resource allocation [3] with different interpretations as follows: 
· 
Resource allocation is +5 bits by re-interpreting as:
· 
First narrow band is always allocated and it is indicated by 
· The unused 3 bits (11xxx) from legacy Rel-13 eMTC resource allocation are utilized for the remaining 3 narrowbands.

The benefits of the above resource allocation (RA) scheme is that the number of bits for the resource allocation does not increase compared to Rel-13 eMTC, and still supports contiguous and non-contiguous resource allocation (RA) in the same DCI format.
Table 2 shows the overhead analysis of the above resource allocation scheme, it can be seen that the overhead of the resource allocation stays the same (i.e. 5bits) for different operational system bandwidths.
Table 2. Overhead analysis of 5MHz for different system bandwidths 
	Bandwidth
	Narrowband indication


	Resource allocation bits 

	Total number of bits

	5MHz
	2 bits
	5 bits
	7 bits

	10MHz
	3 bits
	5 bits
	8 bits

	15MHz
	4 bits
	5 bits
	9 bits

	20MHz
	4 bits
	5 bits
	9 bits




Proposal 1: For PDSCH in 5MHz max channel bandwidth: 
· 
For Mode A, in case the resource allocation is up to 6RBs within a single indicated narrowband, keep the current Rel-13 resource allocation of using +5 bits.
· 
For Mode A and B, in case the resource allocation is equal or more than one fully used narrowband, consider re-using the legacy eMTC resource allocation of +5 bits with the following re-interpretation:
· 
First narrow band is always allocated and it is indicated by 
· The unused 3 bits (11xxx) from legacy Rel-13 eMTC resource allocation are utilized for the remaining 3 narrowbands if allocated.
 
Resource allocation schemes for PUSCH in mode A
For uplink resource allocations, only contiguous allocations must be supported, therefore we discuss the following three possible options: 

Option 1: Reusing legacy eMTC resource allocation - this resource allocation comprises the starting narrowband index and number of contiguous RBs allocated for a given UE by re-using the legacy eMTC resource allocation of +5 bits. The 5 bits can represent more than 25 consecutive RBs (including central one RB in case of odd system bandwidth) where the starting RB is automatically given by starting narrowband index. However, it may be argued that the RBs on the edges that do not belong to any narrowband could not be utilised for PUSCH transmission. In response to this, in our understanding, the PRBs on the edges can be assigned to PUCCH transmission, so, there are no wasted resources. 

   [image: ] 
        Figure 1. FeMTC PUSCH Resource allocation in 10MHz BW
Option 2: UL Type 0 Resource allocation with limited consecutive values - In the current uplink allocations, the number of consecutive RBs that can be allocated are obtained as a product of the numbers 2, 3 and 5 (i.e. limited to DFT pre-coding sizes). Hence, the possible consecutive values are given by  where i, j and k are integer values ≥ 0. So, for example in 5MHz bandwidth, there are 16 possible values as shown on Table 4 where each of which is indexed in table with a unique index value (indexP).   
In order eNB to signal the resource allocation to the UE, it needs to find the number of contiguous RBs (indexP) from the look-up table and also the starting position O.
Similar to Rel-8 UL Type 0, the encoder can generate an RIV value from the values of indexP and starting O as follows:
RIV = M*indexP + O; 
Where M is the system bandwidth in terms of number of RBs {25, 50, 75,100}. For 5MHz, M is 25RBs.
The decoder can reverse the above process to derive the values of indexP and O by using:
indexP = floor(RIV/M) and then O = RIV-indexP*M
                 
Table 4. 16 possible contiguous values in 5MHz
	Index
(IndexP)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Contiguous RBs
	1
	2
	3
	4
	5
	6
	8
	9
	10
	12
	15
	16
	18
	20
	24
	25



Option 3: Reusing Rel-8 UL Type 0 resource allocation – The size of the resource assignment (RA) for PUSCH can be based on eNB’s system bandwidth, but, only up to 24 contiguous RBs (i.e. 5MHz) can be allocated to the UE. This can be achieved by reusing the legacy resource allocation scheme of UL RA Type 0.
Table 5 shows the overhead comparison of the above three options and it can be observed that option 1 has the least overhead compare to other options. Therefore, we suggest to consider resource allocation in Option 1 where the resource allocation for PUSCH comprises the starting narrowband index and number of contiguous RBs allocated for a given UE.
          Table 5: RA Overhead comparison for different options in 20MHz BW
	
	Narrowbands/other (bits)
	Resource allocations (bits)
	  Total overhead (bits)

	Option 1
	4 (per narrowband indication)
	5
	9

	Option 2
	2 (per 5MHz indication)
	9
	11

	Option 3
	0
	13
	13




Proposal 2: For PUSCH in Mode A, consider re-using the legacy eMTC resource allocation of +5 bits with the interpretation that it indicates the starting narrowband index and contiguous RB allocations. 

Conclusion
In this contribution, we have discussed the resource allocation schemes for PDSCH/PUSCH wider channel bandwidth of 5MHz for Rel-14 BL/CE UE, and we have the following proposals:
Proposal 1: For PDSCH in 5MHz max channel bandwidth: 
· 
For Mode A, in case the resource allocation is up to 6RBs within a single indicated narrowband, keep the current Rel-13 resource allocation of using +5 bits.
· 
For Mode A and B, in case the resource allocation is equal or more than one narrowband, consider re-using the legacy eMTC resource allocation of +5 bits with the following re-interpretation:
· 
First narrow band is always allocated and it is indicated by 
· The unused 3 bits (11xxx) from legacy Rel-13 eMTC resource allocation are utilized for the remaining 3 narrowbands.
· 
Proposal 2: For PUSCH in Mode A, consider re-using the legacy eMTC resource allocation of +5 bits with the interpretation that it indicates the starting narrowband index and contiguous RB allocations. 
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