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1	Introduction
The issues related to flexible starting PRB for eMTC as well as the proposed updates are listed below: 
	
1. Issue #1: The agreement on the flexible starting PRB for PDSCH with CEModeB was not captured. In this TP, the defined narrowband shift of the narrowband for PDSCH RA in CE Mode B is added in clause 6.2.7 of 36.211 based on the following agreed table:
Agreement:
The following shift of narrow band is used for PDSCH resource allocation in CE mode B. 
	1.4MHz
	No shift

	3MHz
	-1 PRB for NB {#0};
No shift for NB {#1}.

	5MHz
	No shift for NB {#0, #1};
- 1PRB for NB {#2, #3}.

	10MHz
	- 1 PRB for all NB.

	15MHz

	-1 PRB for NB {#0, #1, …, #5};
No shift for NB {#6, #7, …, #11}

	20MHz
	-2PRB for all NB.




2. Issue #2: Need further detailed design to support flexible starting PRB for PUSCH with TDD CE Mode A. According to the current specification, it is not clear on how to support flexible starting PRB for PUSCH with TDD, which has DCI size with 1bit less than of FDD. Within the DCI size of TDD, we propose to use the most flexible starting RB but limit the allocated length as   instead of  . The limitation of using smaller sizes of allocate resources will not have performance impact since they are the most use cases for PUSCH of UEs in CE Mode. In this TP, the clause 8.1.1 of 36.213 have been updated.

3. Issue #3: According to the current specification, the RB indices of flexible resource allocation could be outside the narrowband. Thereafter, for the narrowband at the edges of the system bandwidth, the RB indices outside the narrowband may be not in the range of system bandwidth any more. We need to make such RB indices still within the system bandwidth, otherwise, the allocation is not valid. 

· For PDSCH CEModeA: the RIV entries to align the ending RB to the RBG boundaries will be outside the BW in the following cases:  in BW=5MHz,  in BW=10MHz and  in BW=15MHz. In order to limit those allocations within the system BW, , we propose to reduce the allocated length to satisfy the condition that  shall not exceed (, which is added in the clause 7.1.6.3 of 36.213.
· For PUSCH CEModeA: in case of wideband allocation,  shall not exceed  is added in clause 8.1.1 of 36.213.
· For PUSCH CEModeB: the parameter   in Table 8.1.3-1 could be {-1,1,2,3}. In case of BW=5MHz, when  for the narrowband of , the starting RB of ‘110’ will smaller than 0; when  for the narrowband of , the ending RB of ‘111’ will be larger than the BW. Therefore, the limitation on the starting/end RB for ‘110’ and ‘111’ is added in clause 8.1.3 of 36.213.
4. Issue #4: A UE configured with flexible RA is to align starting/end RB with the RBG boundary for PDSCH CE Mode A/B. On the other hand, the UE may assume that the same precoder applies on all scheduled PRBs within a PRG (Precoding Resource block Groups). The set of two PRGs for the legacy narrowband (i.e., each PRG has 3 consecutive PRBs) cannot work well for the UE configured with PSDCH flexible RA, since the allocated RB may be outside the legacy narrowband. 
· For PDSCH CEModeA: if a RIV entry is to align the starting RB to the RBG boundaries, a set of two PRGs starts from the corresponding RBstart; if a RIV entry is to align the ending RB to the RBG boundaries, a set of two PRG ends at the corresponding RBstart+LCRBs-1.
· For PDSCH CEModeB: the narrowband is shifted to align with the RBG boundaries. The set of two PRGs are aligned with the shifted narrowband.
In this TP, the above changes for PRG is added in the clause 7.1.6.5 of 36.213.
5. Issue #5: For PDSCH CEModeA with flexible RA, the start or the end of the allocated RBs are designed to align with the RBG boundary, which could be outside the narrowband. However, if frequency hopping is enabled, the following details need to be considered.
· In clause 6.4.1 of 36.211, the frequency hopping is defined to use the same PRB resources within the narrowband. It should be generalized for flexible RA, as that the PRB resources of  after frequency hopping use the same RIV as that of . It has been captured in clause 6.4.1 of 36.211.
· In case of  in BW=15MHz, the allocations after frequency hopping to the adjacent narrowband (e.g., hopping from  to () will be still within the same NB and cannot achieve hopping gain as expected [4]. One option is to restrict the UE with flexible RA configured by using larger hopping offset. However, in some cases, eNB scheduler may have to choose smaller cell-specific frequency hopping offset considering limited available narrowbands for some UEs. Another option is to adjust some RAs in case of hopping, for example, we propose to adjust {, } instead of , } in 7.1.6.3-2 for narrowband  in BW=15MHz, when UE is configured by frequency hopping; otherwise use Table 7.1.6.3-2 of 36.213. The TP has captured the changes in the clause 7.1.6.3 of 36.213.
6. Issue #6: For PUSCH CEModeB with flexible RA (configured with ce-PUSCH-FlexibleStartPRB-AllocOffsetCeModeB), the allocated RBs with shifted offset for resource allocation field ‘110’ and ‘111’ could be outside the narrowband. In clause 5.3.4 of 36.211, the frequency hopping is defined to use the same PRB resources within the narrowband. It should be generalized for flexible RA, as that the PRB resources of  after frequency hopping use the same RIV as that of . Note that it is not applied to the case of flexible RA with PUSCH CE ModeA (configured with ce-PUSCH-FlexibleStartPRB-AllocConfig). It has been captured in clause 5.3.4 of 36.211.
7. Issue #7: For PUSCH CE ModeA with flexible RA (configured with ce-PUSCH-FlexibleStartPRB-AllocConfig), the wideband RIV of type0 in the subclause 8.1.1 of 36.213 is not linked with legacy narrowband index. This allocation cannot support legacy NB hopping based on the signalling of the NB index offset. We propose to define the RB offset for hopping based on the existing higher layer parameter , such as the RB offset equal to  , to achieve the similar NB hopping gain. In this TP, the resource mapping of frequency hopping using   is added in the subclause 5.3.4 of 36.211.

Section 2 and Section 3 contain the actual updates as they will appear on the TS 36.211 and 36.213.
[bookmark: _Ref178064866]2	Text Proposal for TS 36.211
----------------------------------------------------------------- Text start -----------------------------------------------------------------
[bookmark: _Toc454817967][bookmark: _Toc454818013]5.3.4	Mapping to physical resources









For each antenna port  used for transmission of the PUSCH in a subframe the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with  to physical resource blocks on antenna port  and assigned for transmission of PUSCH. The relation between the index  and the antenna port number  is given by Table 5.2.1-1. The mapping to resource elements  corresponding to the physical resource blocks assigned for transmission and 
-	not used for transmission of reference signals, and
-	not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same serving cell, and
-	not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and BL/CE UEs in CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS bandwidth, and
-	not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, and
-	not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs
-	not part of the first SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH starting position ‘01’, ‘10’, or ‘11
-	not part of the last SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH ending symbol ‘1’





shall be in increasing order of first the index , then the index, starting with the first slot in an uplink subframe. For the UpPTS, the mapping shall start at symbol  and if dmrsLess-UpPts is set to true the mapping shall end at symbol  in the second slot of a special subframe, otherwise, the mapping shall end at symbol  in the second slot of a special subframe.
For BL/CE UEs, the PUSCH transmission is restricted as follows:
-	For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-pusch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBs for PUSCH is 24 PRBs. The allocatable PRBs include the PRBs belonging to the narrowbands defined in clause 5.2.4 and the odd PRB at the center of the uplink system bandwidth in case of odd total number of uplink PRBs. If a resource assignment or frequency hopping would result in a PUSCH resource allocation outside the allocatable PRBs then the PUSCH transmission in that subframe is dropped.
-	For all other cases, the maximum number of allocatable PRBs for PUSCH is 6 PRBs restricted to one of the narrowbands defined in clause 5.2.4.
For BL/CE UEs in CEModeB, resource elements in the last SC-FDMA symbol in a subframe configured with cell-specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.
For BL/CE UEs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband or wideband retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of the PUSCH. 
For a UE configured with SRS carrier switching, if the first symbol in a subframe collides with the switching time associated with an SRS transmission, the resource elements in the first OFDM symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.
For a UE configured with SRS carrier switching, if the last symbol in a subframe is not counted in the PUSCH mapping and the second-to-last symbol in the subframe collides with the switching time associated with an SRS transmission, the resource elements in the second-to-last OFDM symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.


If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in frequency, the set of physical resource blocks to be used for transmission is given by  where  is obtained from the uplink scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. 
If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for transmission is given by clause 8.4.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used for transmission in slot  is given by the scheduling grant together with a predefined pattern according to





where  is obtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter pusch-HoppingOffset,, is provided by higher layers. The size  of each sub-band is given by, 




where the number of sub-bands  is given by higher layers. The function  determines whether mirroring is used or not. The parameter Hopping-mode provided by higher layers determines if hopping is "inter-subframe" or "intra and inter-subframe".


The hopping function and the function are given by









where  and the pseudo-random sequence  is given by clause 7.2 and CURRENT_TX_NB indicates the transmission number for the transport block transmitted in slot as defined in [8].  The pseudo-random sequence generator shall be initialised with  for frame structure type 1 and  for frame structure type 2  at the start of each frame. 





For BL/CE UEs, the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. The PUSCH is transmitted with repetitions. The PUSCH transmission spans  consecutive subframes, including non-BL/CE UL subframes where the UE postpones the PUSCH transmission if . For BL/CE UE in CEModeA, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set and the frequency hopping flag in DCI format 6-0A indicates frequency hopping, otherwise frequency hopping is disabled. For BL/CE UE in CEModeB, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set, otherwise frequency hopping is disabled. If frequency hopping is not enabled for PUSCH, all PUSCH repetitions are located at the same PRB resources. If frequency hopping is enabled for PUSCH, and the UE is not configured with ce-PUSCH-FlexibleStartPRB-AllocConfig, PUSCH is transmitted in subframe  within the   consecutive uplink subframes using the same PRB resources within narrowband PRB resources of the narrowband   with same RIV as that of narrowband . The narrowband   is defined as







where  is the absolute subframe number of the first UL subframe intended for carrying the PUSCH and  and  are cell-specific higher-layer parameters. For the   consecutive subframes, the UE shall not transmit PUSCH in subframe  if it is not a BL/CE UL subframe.
If frequency hopping is enabled for PUSCH, and the UE is configured with CEModeA and higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig, the allocated PRB indices are 

with , where  and  are the allocated starting RB and the length of the RA, defined in 8.1.1 [4]. 
For BL/CE UEs, PUSCH transmission associated with Temporary C-RNTI or PUSCH transmission initiated by a “PDCCH order”, frequency hopping of the PUSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

-	if PRACH CE level 0 or 1  is used for the last PRACH attempt,  is set to the higher layer parameter interval-UlHoppingConfigCommonModeA; 

-	if PRACH CE level 2 or 3 is used for the last PRACH attempt,   is set to the higher layer parameter interval-UlHoppingConfigCommonModeB.



For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of   time units (which may include non-BL/CE UL subframes), a gap of   time units shall be inserted, as specified in TS 36.331 [9]. BL/CE UL subframes within the gap of   time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.



For BL/CE UEs, for PUSCH transmission associated with Temporary C-RNTI for frame structure type 1, and if PRACH CE level 2 or 3 is used for the last PRACH attempt, after a transmission duration of   time units (which may include non-BL/CE UL subframes), a gap of   time units shall be inserted. BL/CE UL subframes within the gap of   time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.




For UEs configured with PUSCHEnh-Configuration, the number of PUSCH subframe repetitions  and the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clause 5.3.3.1.1C in [3]. PUSCH frequency hopping is enabled when the higher-layer parameters pusch-HoppingOffsetPUSCHEnh and interval-ULHoppingPUSCHEnh are set and the frequency hopping flag in DCI format 0C indicates frequency hopping, otherwise frequency hopping is disabled. If frequency hopping is not enabled for PUSCH, the PUSCH repetitions are located at the same PRB resources as in the first subframe. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in subframe  within the   consecutive uplink subframes using the PRB resources starting at PRB index 





where  is the absolute subframe number of the first UL subframe carrying the PUSCH and  is given by the higher-layer parameter pusch-HoppingOffsetPUSCHEnh and  is given by the higher-layer parameter interval-ULHoppingPUSCHEnh.
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
6.2.7	Narrowbands and widebands
A narrowband is defined as six non-overlapping consecutive physical resource blocks in the frequency domain. The total number of downlink narrowbands in the downlink transmission bandwidth configured in the cell is given by




The narrowbands are numbered  in order of increasing physical resource-block number where narrowband is composed of physical resource-block indices


where


For a BL/CE UE configured with CEModeB, and configured with higher layer parameter ce-pdsch-flexibleStartPrbAlloc-config, the narrowband  is shifted by  and the physical resource-block indices are

where  is set based on the index of narrowband nNB and  according to Table 6.2.7-1.
Table 6.2.7-1:  for CE ModeB
	
	

	6
	0

	15
	-1 if nNB =0, 0 if nNB =1

	25
	0 if nNB =0 or 1; - 1 if nNB =2 or 3

	50
	- 1

	75
	-1 if nNB =0~5; 0 if nNB =6~11

	100
	-2




If , a wideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of downlink widebands in the downlink transmission bandwidth configured in the cell is given by






and the widebands are numbered  in order of increasing narrowband number where wideband  is composed of narrowband indices  where .



If , then  and the single wideband is composed of the  non-overlapping narrowband(s).
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
[bookmark: _Toc454818032]6.4.1	Physical downlink shared channel for BL/CE UEs
For BL/CE UEs, the following additions and exceptions hold in addition to those in clause 6.4:
-	The maximum number of allocatable PRBs for PDSCH is restricted as follows:
-	If the PDSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-pdsch-maxBandwidth-config is set,
-	if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 20 MHz, the maximum number of allocatable PRBs for PDSCH is 96 PRBs restricted to the narrowbands defined in clause 6.2.7;
-	if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in clause 6.2.7.
- 	If the PDSCH is associated with G-RNTI and the higher layer parameter pdsch-MaxBandwidth-SC-MTCH is set to 24 PRBs, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in clause 6.2.7.
-	For all other cases, the maximum number of allocatable PRBs for PDSCH is 6 PRBs restricted to one of the narrowbands defined in clause 6.2.7.
-	Resource elements occupied by CSI reference signals shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.
-	Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of reference signals, shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.
-	For BL/CE UEs in CEModeB configured in transmission mode 9, in MBSFN subframe(s), resource elements that correspond to the positions of cell-specific reference signals as in subframe #0 shall not be counted in the PDSCH mapping and not used for transmission of the PDSCH. 
-	Resource elements belonging to PRBs in which PRS is transmitted (including PRS muted subframes) shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.


For BL/CE UEs, if the PDSCH is not carrying SIB1-BR the PRB resources for PDSCH transmission in the first subframe are obtained from the DCI as described in clauses 5.3.3.1.12, 5.3.3.1.13, and 5.5.1.3.14 in [3], or provided by higher layers. The PDSCH is transmitted with  repetitions, spanning  consecutive subframes, including non-BL/CE DL subframes where the the PDSCH transmission is postponed. 
-	If frequency hopping is not enabled for PDSCH, all PDSCH repetitions are located at the same PRB resources, and 


-	if frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe  within the  consecutive downlink subframes using the same PRB resources within each narrowband PRB resources of the narrowband  with same RIV as that of narrowband . The narrowband  is defined as








where  is the absolute subframe number of the first downlink subframe intended for PDSCH and ,  and  are cell-specific higher-layer parameters. For PDSCH carrying SI other than SIB1-BR and for PDSCH associated with P-RNTI, if interval-DlHoppingConfigCommonModeB is signalled in SIB1-BR, then the frequency hopping granularity  is set to interval-DlHoppingConfigCommonModeB; otherwise,  is set to interval-DlHoppingConfigCommonModeA signalled in SIB1-BR.
For BL/CE UE in CEModeA, frequency hopping of PDSCH associated with C-RNTI or SPS C-RNTI is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set and the frequency hopping flag in DCI format 6-1A indicates frequency hopping, otherwise, frequency hopping of is not enabled. For BL/CE UE in CEModeB, frequency hopping of PDSCH associated with C-RNTI or SPS-RNTI is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set, otherwise, frequency hopping of is not enabled.

The UE shall not expect PDSCH in subframe  if it is not a BL/CE DL subframe.








For BL/CE UEs, if the PDSCH carries SIB1-BR, the PDSCH transmission is repeated periodically in every period of 8 radio frames, where a period starts with a radio frame with  where  is the system frame number. The PDSCH is transmitted  times in each period of 8 frames, Let  be the set of narrowbands, excluding narrowbands overlapping with the 72 center subcarriers for , and ordered in increasing order of narrowband index. The PDSCH transmission cycles through the set  of narrowbands in increasing order of , starting with  for the first subframe, according to




where  is the number of narrowbands in the set .
The set of frames and subframes used for SIB1-BR transmission in each period are given by Tables 6.4.1-1 and 6.4.1-2. 

Table 6.4.1-1: The set of frames and subframes for SIB1-BR for .
	

	

	Frame structure type 1
	Frame structure type 2

	
	
	

	

	

	


	4
	0
	0
	4
	1
	5

	
	1
	1
	4
	1
	5




Table 6.4.1-2: The set of frames and subframes for SIB1-BR for .
	

	

	Frame structure type 1
	Frame structure type 2

	
	
	

	

	

	


	4
	0
	0
	4
	1
	5

	
	1
	1
	4
	1
	0

	8
	0
	0, 1
	4
	0, 1
	5

	
	1
	0, 1
	9
	0, 1
	0

	16
	0
	0, 1
	4, 9
	0, 1
	0, 5

	
	1
	0, 1
	0, 9
	0, 1
	0, 5







BL/CE UEs may assume the same precoding matrix being used for a PRB across a block of  consecutive subframes when UE-specific reference signals are transmitted together with the PDSCH, where the subframe number of the first subframe in each block of  consecutive subframes, denoted as , satisfies .
For PDSCH transmission associated with SI-RNTI or P-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when higher layer parameter si-HoppingConfigCommon is set.
For PDSCH transmission associated with RA-RNTI or temporary C-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

-	if PRACH CE level 0 or 1 is used for the last PRACH attempt,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if PRACH CE level 2 or 3 is used for the last PRACH attempt,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.
For PDSCH transmission associated with SC-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

-	if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA; 

-	if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB,  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB.
For PDSCH transmission associated with G-RNTI to BL/CE UEs,
-	if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA,

-	if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set and the frequency hopping flag in DCI format 6-1A indicates frequency hopping, then frequency hopping of the PDSCH is enabled and  is set to the higher layer parameter interval-DlHoppingConfigCommonModeA, otherwise frequency hopping is not enabled; 
-	if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB,

-	if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set, then frequency hopping of the PDSCH is enabled and  is set to the higher layer parameter interval-DlHoppingConfigCommonModeB, otherwise frequency hopping is not enabled.
---------------------------------------------------------------- Text End -------------------------------------------------------------------
[bookmark: _Toc454818195]3	Text Proposal for TS 36.213
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
[bookmark: _Toc415085455]7.1.6.3	Resource allocation type 2


For BL/CE UEs with resource allocation type 2 resource assignment,  and  is used in the rest of this Subclause. 












In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment) while distributed virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH DCI format 1C. Localized VRB allocations for a UE vary from a single VRB up to a maximum number of VRBs spanning the system bandwidth. For DCI format 1A the distributed VRB allocations for a UE vary from a single VRB up to  VRBs, where  is defined in [3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI or Temporary C-RNTI distributed VRB allocations for a UE vary from a single VRB up to  VRBs if  is 6-49 and vary from a single VRB up to 16 if  is 50-110. With EPDCCH DCI format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB allocations for a UE vary from a single VRB up to  VRBs if  is 6-49 and vary from a single VRB up to 16 if  is 50-110. With PDCCH DCI format 1C and 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, VRB allocations for a UE vary from  VRB(s) up to  VRBs with an increment step of , where  value is determined depending on the downlink system bandwidth as shown in Table 7.1.6.3-1 for DCI format 1C and Table 7.1.6.3-1A for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G.


Table 7.1.6.3-1:  values vs. Downlink System Bandwidth
	
System BW ()
	


	
	DCI format 1C

	6-49
	2

	50-110
	4




Table 7.1.6.3-1A:  values vs. Downlink System Bandwidth
	
System BW ()
	


	
	DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G

	20 – 26
	4

	27 – 63
	6

	64 – 110
	4







For PDCCH DCI format 1A, 1B, or 1D or for PDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and <20, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A, or for SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and <20, a type 2 resource allocation field consists of a resource indication value (RIV) corresponding to a starting resource block () and a length in terms of virtually contiguously allocated resource blocks . 
The resource indication value is defined by

if  then


else 




where 1 and shall not exceed .



For a BL/CE UE configured with CEModeA, and configured with higher layer parameter ce-pdsch-flexibleStartPrbAlloc-config, and , the  and is determined according to Table 7.1.6.3-2 where, 
· 
 is the smallest and the largest physical resource-block number, respectively, of the allocated narrowband as defined in Subclause 6.2.7 of [3]
· 
 is the value of the downlink system bandwidth
· 
P is the RBG size associated with the downlink system bandwidth,, according to Table 7.1.6.1-1
· 

· 



Physical resource-blocks with indices  or ,  correspond to physical resource-blocks outside the allocated narrowband relative to physical resource-block .
·  shall not exceed .
· If frequency hopping is enabled, as defined in 6.4.1 [3], {, } are used instead of { , } in Table 7.1.6.3-2 when  in BW=15MHz.



 Table 7.1.6.3-2:  and for  and CEModeA
	

	

	


	
	
	

	0
	

	2

	1
	
	3

	2
	
	4

	3
	
	5

	4
	
	6

	5
	

	6

	6
	

	5

	7
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	9
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For PDCCH DCI format 1C or for PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and , a type 2 resource block assignment field consists of a resource indication value (RIV) corresponding to a virtual starting resource block (=, , ,…, ) and a length in terms of virtually contiguously allocated resource blocks (=, ,…, ).
The resource indication value is defined by:

if  then


else 





where ,  and , and where 


 1 and shall not exceed .








For PDCCH DCI format 1C or for PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and , the starting resource block index is the same as the virtual starting resource block index (). For PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and , one bit flag indicates whether the starting resource block index is  or (value 0 indicates  and value 1 indicates ). In case of resource allocation signalled with PDCCH/SPDCCH DCI format 7-1n, and , if the resource allocation indicates the corresponding PDSCH is mapped to RB index 23, the UE shall assume the PDSCH is also mapped to RB index 24.

---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
[bookmark: _Toc415085457]7.1.6.5	Physical Resource Block (PRB) bundling
A UE configured for transmission mode 9 for a given serving cell c may assume that precoding granularity is multiple resource blocks in the frequency domain when PMI/RI reporting is configured. 
For a given serving cell c, if a UE is configured for transmission mode 10
-	if PMI/RI reporting is configured for all configured CSI processes for the serving cell c, the UE may assume that precoding granularity is multiple resource blocks in the frequency domain,
-	otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain. 



Fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size  partition the system bandwidth and each PRG consists of consecutive PRBs. If  then one of the PRGs is of size . The PRG size is non-increasing starting at the lowest frequency. The UE may assume that the same precoder applies on all scheduled PRBs within a PRG.

If the UE is a BL/CE UE =3 otherwise the PRG size a UE may assume for a given system bandwidth is given by: 

Table 7.1.6.5-1
	System Bandwidth 

()
	
PRG Size () 
(PRBs)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2



For a BL/CE UE configured with CEModeA, and configured with higher layer parameter ce-pdsch-flexibleStartPrbAlloc-config, if  in Table 7.1.6.3-2, the set of two PRGs is starting from ; if , the set of two PRGs is ending at ; otherwise, the set of two PRGs is within the narrowband  defined in 6.2.7 [3]. 
For a BL/CE UE configured with CEModeB and configured with higher layer parameter ce-pdsch-flexibleStartPrbAlloc-config, the set of PRGs is starting from the lowest RB of the narrowband  shifted by , according to Table 6.2.7-1 [3].

For a UE configured for transmission mode 9, 10 using frame structure type 1 or transmission modes 8, 9, 10 using frame structure type 2, for a given serving cell c and for slot/subslot-based PDSCH transmissions, precoding granularity is 2 resource blocks in frequency domain. Precoding Resource block Groups (PRGs) of size 2 partition the system bandwidth and each PRG consists of consecutive PRBs. The UE is expected to receive UE-specific reference signal corresponding to a PDSCH over both resource blocks of a PRG. If  then, PDSCH is not mapped to the last resource block. The UE may assume that the same precoder applies on the two PRBs within a PRG.
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
[bookmark: _Toc415085490]8.1.1	Uplink resource allocation type 0
The resource allocation information for uplink resource allocation type 0 indicates to a scheduled UE a set of contiguously allocated virtual resource block indices denoted by [image: ]. A resource allocation field in the scheduling grant consists of a resource indication value (RIV) corresponding to a starting resource block ([image: ]) and a length in terms of contiguously allocated resource blocks ([image: ] 1). 
For a BL/CE UE, 
-	uplink resource allocation type 0 is only applicable for UE configured with CEModeA, and 

-	 if the UE in TDD is configured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig; otherwise and
-	 shall not exceed .

-	If the UE is not configured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocConfig, is always set to 6 in this subclause regardless of the system bandwidth.  
The resource indication value is defined by 
if [image: ] then
[image: ]
else 
[image: ] 

With PDCCH/SPDCCH DCI format 7-0A/7-0B, VRB allocations for a UE vary from 4 VRB(s) up to  VRBs with an increment step of 4 VRBs.









For PDCCH/SPDCCH DCI format 7-0A/7-0B, a type 0 resource block assignment field consists of a resource indication value (RIV) corresponding to a starting resource block (=, , ,…, ) and a length in terms of virtually contiguously allocated resource blocks (=, ,…, ). 
The resource indication value is defined by:

if  then


else 





where ,  and , and where, 


 1 and shall not exceed .
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
8.1.3	Uplink resource allocation type 2


Uplink resource allocation type 2 is only applicable for BL/CE UE configured with CEModeB. The resource allocation information for uplink resource allocation type 2 indicates to a scheduled UE a set of contiguously allocated resource blocks within a narrowband as given in Table 8.1.3-1. If the UE is not configured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocOffsetCeModeB,  else value of is given by the higher layer parameter, ce-PUSCH-FlexibleStartPRB-AllocOffsetCeModeB.
[bookmark: _GoBack]If the UE is configured with higher layer parameter ce-PUSCH-FlexibleStartPRB-AllocOffsetCeModeB and the value of the resource allocation field is '110' or '111', the allocated resource blocks with indices less than 0 and greater than 5 correspond to resource-blocks outside the allocated narrowband relative to resource block 0. The physical resource-block numbers are   with  or  for the resource allocation field of '110' or '111', respectively, where  is the smallest physical resource-block number of the narrowband as defined in Subclause 6.2.7 of [3].
Table 8.1.3-1: Resource block(s) allocation for BL/CE UE configured with CEModeB.
	Value of resource allocation field 
	Allocated resource blocks 

	'000'
	0

	'001'
	1

	'010'
	2

	'011'
	3

	'100'
	4

	'101'
	5

	'110'
	

 and 

	'111'
	

 and 



---------------------------------------------------------------- Text End -------------------------------------------------------------------
Conclusion
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal 1	Agree on the text proposal presented in this document and capture its content on the TS 36.211 and TS 36.213.

[bookmark: _In-sequence_SDU_delivery]References
RP-170309, Meeting Report. RAN #75
TS 36.211, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”, version 15.2.0
TS 36.213, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, version 15.2.0
[bookmark: _Hlk510547229]R1-1807106, Flexible allocation for PDSCH and PUSCH for efeMTC, Qualcomm, 3GPP Ran1#93, Busan, Korea, May 21st – 25th, 2018.
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