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	Reason for change:
	RAN1 made the following agreements at RAN1 #85 on introduction of UL gaps for continuous UL transmission in eMTC:

· UL compensation gaps are defined similar to Rel-13 NB-IoT for HD-FDD eMTC UEs by a gap period (X ms) and gap length (Y ms).

· The gaps are defined at least for PUSCH and possibly (to be decided by RAN4) PRACH

· From RAN1 perspective, it may be beneficial to align the values of X and Y with the maximum frequency hopping granularity
· The UEs that don’t need UL compensation gaps shall be enabled to operate without UL compensation gaps implementation.

· 1 bit in the capability report of the UE is used to indicate that the UE needs UL gaps.

· From RAN1 point of view, it is beneficial if the bit can also be provided as early as possible, e.g. in Msg3 or Msg5

· UL compensation gaps are used for at least for Msg3 and possibly for PRACH (if gaps are supported for PRACH) during initial access regardless of the UE capability if the corresponding transmission duration exceeds X ms.

· For PRACH (if gaps are supported for PRACH), use of UL gaps may depend not only on X but also on PRACH configuration – to be determined by RAN4

· During the UL gap durations, the corresponding PUSCH and PRACH (if gaps are supported for PRACH) transmissions are dropped.
Subsequently, at RAN4 #80, RAN4 concluded the following including values of X and Y [R4-167198]:

1. Frequency error requirement for Cat-M1 UE is relaxed to 0.2 ppm for f<1 GHz

2. For UEs that need uplink compensation gaps (UCG) the gap period (X) is 256 ms and gap length (Y) is 40 ms

3. The UEs that don’t need UCG shall be enabled to operate without UCG implementation

4. UCG is not needed for any PRACH configuration

With the agreements made in RAN4, it is imperative that the above RAN1 agreements are implemented in the Physical layer specifications.

	
	

	Summary of change:
	Specify that, in FDD, for PUSCH transmisions not associated with T-C-RNTI (Msg3 with Temp C-RNTI) of at least 256ms duration, UL gaps of 40ms duration shall be inserted every 256ms of transmission by BL/CE UEs as defined in TS 36.331 [9].

Specify that, in FDD, for PUSCH transmisions associated with T-C-RNTI (Msg3 with Temp C-RNTI) of at least 256ms duration, UL gaps of 40ms duration shall be inserted every 256ms of transmission by BL/CE UEs (irrespective of whether the UE indicates need for UL gaps or not). This is necessary to cover the case, e.g., when the UE transmits Msg3 as part of contention-based PRACH in RRC_CONNECTED.

Specify that the BL/CE UL subframes corresponding to the 40ms-long UL gaps shall be counted for the PUSCH resource mapping, but not used for transmission of the PUSCH (i.e., “dropped”).

	
	

	Consequences if not approved:
	UL gaps for UL continuous transmissions as agreed in RAN1 and RAN4 WGs would not be supported. Incomplete specifications.
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	Other comments:
	This CR has isolated impact on PUSCH transmissions with large number of repetitions for BL/CE UEs.


5.3.4
Mapping to physical resources

For each antenna port [image: image1.wmf]p

 used for transmission of the PUSCH in a subframe the block of complex-valued symbols [image: image2.wmf])
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 shall be multiplied with the amplitude scaling factor [image: image3.wmf]PUSCH

b

 in order to conform to the transmit power [image: image4.wmf]PUSCH

P

specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with [image: image5.wmf])
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 to physical resource blocks on antenna port [image: image6.wmf]p

 and assigned for transmission of PUSCH. The relation between the index [image: image7.wmf]p

~

 and the antenna port number [image: image8.wmf]p

 is given by Table 5.2.1-1. The mapping to resource elements [image: image9.wmf](
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 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

shall be in increasing order of first the index [image: image10.wmf]k

, then the index[image: image11.wmf]l

, starting with the first slot in the subframe. 

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 retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of the 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 [image: image12.wmf]VRB

PRB

n

n
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 where [image: image13.wmf]VRB

n

 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 [image: image14.wmf]s

n

 is given by the scheduling grant together with a predefined pattern according to

[image: image15.wmf](
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where [image: image16.wmf]VRB

n

 is obtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter pusch-HoppingOffset,[image: image17.wmf]HO

RB

N

, is provided by higher layers. The size [image: image18.wmf]sb

RB
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 of each sub-band is given by, 
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where the number of sub-bands [image: image20.wmf]sb

N

 is given by higher layers. The function [image: image21.wmf]{
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 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 [image: image22.wmf])

(

hop

i

f

and the function[image: image23.wmf])
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where [image: image26.wmf]0
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 and the pseudo-random sequence [image: image27.wmf])

(

i

c

 is given by clause 7.2 and CURRENT_TX_NB indicates the transmission number for the transport block transmitted in slot [image: image28.wmf]s
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as defined in [8].  The pseudo-random sequence generator shall be initialised with [image: image29.wmf]cell
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 for frame structure type 1  and [image: image30.wmf]cell
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 for frame structure type 2  at the start of each frame. 

For BL/CE UEs, the PRB resources within the narrowband [image: image31.wmf](
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 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 [image: image32.wmf]1
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repetitions. The PUSCH transmission spans [image: image33.wmf]PUSCH
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 consecutive subframes, including invalid subframes where the UE postpones the PUSCH transmission if [image: image34.wmf]1
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. 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. If frequency hopping is not enabled for PUSCH, the PUSCH repetitions are located at the same PRB resources at the same narrowband [image: image35.wmf](
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. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in subframe [image: image36.wmf]i

 within the  [image: image37.wmf]PUSCH
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 consecutive uplink subframes using the same PRB resources within narrowband 
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where [image: image39.wmf]0
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 is the absolute subframe number of the first UL subframe intended for carrying the PUSCH and [image: image40.wmf]UL
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 are cell-specific higher-layer parameters. For the  [image: image42.wmf]PUSCH
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 consecutive subframes, the UE shall not transmit PUSCH in subframe [image: image43.wmf]i

 if it is not a valid uplink subframe.

For BL/CE UEs, PUSCH transmission associated with Temporary C-RNTI, 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, [image: image44.wmf]UL

ch,
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 is set to the higher layer parameter interval-UlHoppingConfigCommonModeA; 

-
if PRACH CE level 2 or 3 is used for the last PRACH attempt, [image: image45.wmf]UL

ch,

NB

N

  is set to the higher layer parameter interval-UlHoppingConfigCommonModeB.

For BL/CE UEs, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure type 1, after a transmission duration of 
[image: image46.wmf]s
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  time units (which may include non-BL/CE UL subframes), a gap of 
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  time units shall be inserted, as specified in TS 36.331 [9]. BL/CE UL subframes within the gap of 
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  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, after a transmission duration of 
[image: image49.wmf]s
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  time units (which may include non-BL/CE UL subframes), a gap of 
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  time units shall be inserted. BL/CE UL subframes within the gap of 
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30720

40

T

×

  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH.
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