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1. Introduction

In RAN1 #95 meeting, we had the following agreements on support for transmission in preconfigured UL resources for MTC[1].
Agreement 
· In idle mode, at least the following TA validation attributes are supported:

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)

· Based on RSRP measurement definition in existing Rel-15 TS36.214

· The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 

· Serving cell RSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes

· RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

· For dedicated PUR in idle mode, the UE may skip UL transmissions.

· FFS: Resource release mechanism

· FFS: Whether or not to support mechanism to disable skipping by eNB

· In idle mode, only one HARQ process is supported for dedicated PUR

· For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space

· FFS: Details on the search space (for example USS, CSS)

· For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 

· FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
· For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect

· an UL GRANT for retransmission on the MPDCCH, or  

· FFS: a NACK, or

· FFS: no explicit ACK 

For further study

TA validation attributes:

· Subscription based UE differentiation (or Stationary indication in held in subscription)

· Cell specific indication where TA is valid within that cell

In this contribution, some issues about support for transmission in preconfigured UL resources for MTC are discussed.

2. Dedicated PUR

TA validation
Other TA validation attributes

In RAN1 #95 meeting, some TA validation attributes listed bellow are proposed for further study:
· Subscription based UE differentiation (or Stationary indication in held in subscription)

· Cell specific indication where TA is valid within that cell

Subscription based UE differentiation can be used to acquire information such as if the UE is stationary or not. For stationary UE, the TA is mainly affected by local oscillator drifting, however the change is very slow and can be quantified using a timer. Therefore stationary indication can be used together with TA timer as validation criterion.

Proposal 1: Subscription based UE differentiation is supported for TA validation.

For cell specific indication where TA is valid within that cell, the application scenario of this indication is restricted since it is a cell-specific signaling which cannot be configured per UE. Instead of using a new indication, the existing TA validation attribute agreed in RAN1 #95 meeting, such as Time Alignment Timer or RSRP threshold for serving cell RSRP changes, which is configured to a predefined value(e.g., the value of RSRP threshold is configured to infinite) can also achieve the same function.
Observation 1: The application scenario of  cell specific indication where TA is valid within that cell is limited. 

Observation 2: Instead of using a new cell specific parameter to indicate TA is valid within that cell, Time Alignment Timer or RSRP threshold for serving cell RSRP changes when configured to the value of infinity can achieve the same function.

Proposal 2: Configuring a new parameter for cell specific indication where TA is valid within that cell is not supported.
eNB/UE operation once TA is invalid

Once the eNB/UE finds TA is invalid, there are several alternatives operations for eNB/UE:

For eNB:
Alt 1:  Sending PDCCH order to trigger CFRA/CBRA

For UE:

Alt 2: Sending preamble in PUR resource for TA measurement

Alt 3: Sending contention based preamble for triggering fallback to legacy RACH/EDT procedures
· For Alt 1

In RAN1 #94bis meeting, fallback mechanism to RACH/EDT procedures is supported for PUR. In PHY layer, PDCCH order is the only way that eNB can trigger preamble transmission. Thus if eNB wants to trigger fallback to RACH/EDT procedures from PUR transmission in RRC_IDLE mode, PDCCH order should also be supported in RRC_IDLE mode.

Proposal 3: PDCCH order triggered CBRA/CFRA is supported for dedicated PUR in RRC_IDLE mode. 
PDCCH order triggered CFRA is mainly used for TA update for PUR. In addition, UL grant provided in RAR during CFRA procedure can be used for scheduling PUR retransmission if the PUR transmission is not successfully decoded. 

PDCCH order triggered CBRA is mainly used for triggering fallback to legacy RACH/EDT procedures. If the PDCCH order is received by UE, the UE can expect that PUR transmission is unsuccessfully decoded by eNB.

Proposal 4: If PDCCH order triggering CBRA is received by dedicated PUR UE, the UE can assume that dedicated PUR transmission is unsuccessfully decoded by eNB.

· For Alt 2

Once TA is invalid, the subsequent PUR resources cannot be used for PUR transmission until TA is updated to valid. Rather than wasting these PUR resources, it is better to transmit preamble on these resources for TA estimation. It is obvious that not any kind of PUR resource configuration can support preamble transmission since the preamble has its own time-frequency structure. If the time-frequency resources of PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted on the PUR resource when TA is invalid. Thus the waste of PUR resource is reduced and it can avoid the collision with preambles transmitted in PRACH.
Observation 3: Once TA is invalid, the subsequent dedicated PUR resources cannot be used for PUR transmission until TA is updated to valid.

Observation 4: If PUR transmission is happened during TA invalidation, the PUR transmission cannot be successfully decoded by eNB and this leads to the waste of PUR resource. 
Observation 5: If time-frequency resources of dedicated PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted in the dedicated PUR resource for TA measurement when TA is invalid.
Observation 6: If preamble is transmitted in dedicated PUR resources when TA is invalid, the waste of PUR resources is reduced and it can avoid the collision with preambles transmitted in PRACH.
· For Alt 3
For Alt 3, once UE finds TA is invalid, contention based preamble is transmitted on PRACH resources for triggering fallback to RACH/EDT procedures.
Besides TA invalidation, the following events can also cause the UE to fallback to RACH/EDT procedures:

· The number of PUR transmission failure is larger than X, where X is configured by eNB

· The UL TBS to be transmitted exceeds Y, where Y is configured by eNB

Proposal 5: Once dedicated PUR UE’s TA is invalid, at least the following operations can be supported:

· Sending PDCCH order to trigger CFRA/CBRA procedures

· Sending preamble in the PUR resource for TA measurement if PUR resource is large enough for carrying preamble

· Sending contention based preamble for triggering fallback to legacy RACH/EDT procedures

PUR search space

Type of PUR search space

In RAN1 #95 meeting, we had the following agreement on dedicated PUR search space configuration:
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space

· FFS: Details on the search space (for example USS, CSS)

In this subclause, pros and cons of each type of PUR search space are analyzed.

· If legacy CSS (Type 1 CSS for Paging or Type-2 CSS for random access) is used as PUR search space, some problems will arise:

· Since legacy CSS is not specially configured for dedicated PUR, the legacy CSS configuration, such as CSS period and maximum repetition number of MPDCCH, maybe not suitable for dedicated PUR. For CSS period, if it does not match the transmission period of dedicated PUR very well, the time delay of PUR retransmission(if exists) will be much larger since the starting position of the first available MPDCCH used for HARQ-ACK feedback maybe far away from the end of transmitted PUR. For the maximum repetition number of MPDCCH, it is configured by higher layer signalling and shall meet the transmission requirement of MPDCCH for a set of UEs in a specific coverage enhancement level. It maybe redundant or insufficient for dedicated PUR because dedicated PUR is configured per UE and the maximum repetition number of MPDCCH cannot be suitable for all the PUR UEs. 
· Since the configuration of legacy CSS should meet the transmission requirement for a set of UEs in a specific coverage enhancement level, the MPDCCH repetition number configured in legacy CSS should make sure that the MPDCCH can be successfully decoded by the UE under the worst wireless channel situation in that coverage enhancement level. In this case, the MPDCCH repetition number configured by eNB is redundant for the UE under good wireless channel situation.Thus it causes the increase of resource overhead unnecessarily.

· If PUR CSS is used, some problems will arise：

· Since the configuration of PUR CSS should meet the transmission requirement of a set of UEs in a specific coverage enhancement level, the MPDCCH repetition number configured in PUR CSS should make sure that the MPDCCH can be successfully decoded by the UE under the worst wireless channel situation in that coverage enhancement level. In this case, the MPDCCH repetition number is redundant for the UE under good wireless channel situation. Thus it causes the increase of resource overhead unnecessarily.

· If PUR USS is used, the problems raise in legacy CSS and PUR CSS will be solved successfully.

Based on the above analysis, PUR USS is supported for dedicated PUR transmission. PUR-related information, such as HARQ-ACK, UL grant for HARQ retransmission, are carried in the PUR USS.

Proposal 6: PUR USS is supported for dedicated PUR, and at least UL grant for HARQ retransmission is carried in the PUR USS.
Configuration of PUR search space
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Figure 1: PUR USS resource allocation for dedicated PUR
An example of USS resource allocation for dedicated PUR is shown in Figure 1, where the quantity T is the resource allocation period of dedicated PUR. One PUR USS corresponds to one dedicated PUR resource. The gap between the starting position of PUR USS and the end of dedicated PUR resource can be configured by eNB. One USS duration configured by eNB can include multiple MPDCCH candidates.

Proposal 7: The starting position of PUR USS is decided based on the position of PUR resources in time domain.
Issue on paging monitoring for PUR UE

In legacy system, when UE’s paging occasions in paging transmission window(PTW) arrive, the UE should monitor paging message in Type1 common search space. Since PUR USS is a mandatory search space that PUR UE should monitor, thus PUR UE in RRC_IDLE mode should monitor at least the following 2 type of search space:

· Type1 CSS for Paging

· PUR USS
If Type1 CSS and PUR USS are configured in different narrowbands and PUR USS in time domain overlaps with PTW, the UE should do handover between two narrowbands frequently for MPDCCH monitoring. It will increase the operation complexity of MPDCCH monitoring obviously.

In order to solve the problem, some optimized schemes can be considered. For example, when the PUR USS in time domain overlaps with the PTW, UE does not need to monitor paging message in the PTW. eNB is aware of whether a paging UE is PUR UE or not by checking ISMI or S-TMSI carried in paging message sent from MME. If the paging UE is a PUR UE and the PUR USS in time domain overlaps with the PTW, MPDCCH carrying a DL grant can be sent to the paging UE in the PUR USS, then the PDSCH scheduled by the DL grant is used to transmit DL data for the paging UE.  
In addition, when the PUR USS in time domain does not overlap with UE’s PTW but the gap between PUR USS and UE’s paging occasion is less than a threshold configured by eNB, the UE does not need to monitor paging message in the paging occasion.
Proposal 8: For a dedicated PUR UE, when PUR USS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.
Skipping UL transmission 

If PUR skipping is enabled, no signal is transmitted by UE in the skipped PUR. eNB can determine whether the PUR is a skipped PUR or not by eNB’s implementation, such as the energy accumulation of the received signals transmitted on the PUR resources. Moreover, if the PUR is determined as a skipped PUR by eNB, neither HARQ-ACK nor UL grant for PUR retransmission will be sent.

Despite it is a small probability event that a skipped PUR is incorrectly detected as a normal PUR by eNB, but once it happens, UL grant for PUR retransmission will be sent on MPDCCH by eNB. Since the PUR is skipped in fact by UE, the UE will not monitor the corresponding MPDCCH, thus PUR retransmission resources that is allocated on the MPDCCH will not be used by the UE. Based on the decoding of the PUR retransmission, eNB will realize that the determination of the skipped PUR is wrong, and eNB will not schedule UL grant on MPDCCH for the PUR retransmission any more. It can be seen that though eNB makes a mistake it has a relatively small impact on eNB and has no impact on UE during PUR transmission.
Proposal 9: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.

In order to maintain the flexibility of PUR skipping mechanism, an indicator configured by eNB is suggested to indicate whether PUR skipping is enabled or not.
Proposal 10: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.

If PUR skipping is enabled by eNB, when the number of consecutive skipped PUR recorded by eNB is larger than a threshold configured by eNB, eNB releases the PUR resources.
Proposal 11: If PUR skipping is enabled by eNB, when the number of consecutive skipped PUR transmission recorded by eNB exceeds the configured threshold , eNB releases the PUR resources.
If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR. When the number of consecutive PUR transmission with the predefined block of bits is larger than a threshold configured by eNB, eNB assumes the UE does not use the PUR resources anymore and releases the PUR resources.

Proposal 12: If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR.
Proposal 13: If PUR skipping is not enabled by eNB, when the number of consecutive PUR transmission with the predefined block of bits is larger than a threshold configured by eNB,  eNB releases the PUR resources.
HARQ

ACK

Since MPDCCH search space is configured for dedicated PUR transmission in RRC_IDLE mode and in RAN1 #95 meeting it is agreed that for dedicated PUR in RRC_IDLE mode UL grant for HARQ retransmission is transmitted in MPDCCH search space, it is the most simplest way to carry explicit ACK in the MPDCCH search space. 
Proposal 14: For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK sent on MPDCCH.

NACK

If UE receives UL grant for PUR retransmission on MPDCCH, the UE can determine by default that the corresponding PUR transmission is unsuccessfully decoded by eNB. The UE will do PUR retransmission on PUSCH scheduled by the UL grant.

In addition, if the load of uplink is heavy, eNB cannot allocate enough UL resource for each UE.In this case, a NACK can be sent to a PUR UE which means that the PUR transmission is unsuccessfully decoded and no PUR retransmission resources will be allocated. If the PUR UE receives the NACK, it shall stop PUR USS monitoring and determine the subsequent operation from the alternative operations listed bellow:
Alt 1:Fallback to RACH/EDT procedures
Alt 2:Stop PUR USS monitoring and wait for the next PUR resource for the subsequent PUR transmission
Proposal 15: If NACK is received on MPDCCH corresponding to a PUR transmission, UE shall stop PUR USS monitoring and determine the subsequent operation up to its implementation.
If PUR skipping is enabled, no signal is transmitted by UE in a skipped PUR. In this case, neither HARQ-ACK nor UL grant for PUR retransmission will be sent by eNB if the PUR is determined as a skipped PUR.
Observation 7: If a PUR is determined as a skipped PUR by eNB, eNB do not need to send any feedback to the UE.
Proposal 16: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect

· an UL GRANT for retransmission on the MPDCCH, or  

· a NACK, or

· no explicit ACK 

PUR power control

For CE Mode A, 2 bits TPC command is carried in DCI format 6-0A. Accumulated and absolute values are both supported in the TPC command. 

For CE Mode A,the power control formula of PUSCH defined in TS36.213 is listed as bellow:
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is referred to the TPC command in DCI format 6-0A. If accumulation is enabled, 
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 equals to the absolute TPC value carried in DCI format 6-0A.
For PUR transmission in RRC_IDLE mode, since the gap between initial transmission and the retransmission (if exists) is short, the characteristic of wireless channel (including large scale fluctuation and small scale fluctuation) is not change very much.Thus the accumulation mechanism of[image: image6.wmf])
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in the power control formula of PUSCH can be supported in one PUR transmission(including initial transmission and retransmission).
Proposal 17: For CE mode A, accumulation mechanism of transmitting power can be supported during one PUR transmission procedure (including initial transmission and retransmission).
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in the power control formula is referred to the expected received power by eNB, and it is configured by eNB in higher layer signaling based on the current wireless channel environment of UE. For PUR transmission in RRC_IDLE mode, maybe
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 is suitable for the following several PUR transmissions after it is configured. Taken into consideration that the work time of PUR maybe much longer, 
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maybe not suitable for all of PUR transmission, especially for the PUR transmissions whose transmission time is far away from the time that the
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should be considered. Higher layer signaling carrying only the offset of 
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 is not preferred to be used since the signaling overhead is too large. Considering scheduling delay and the scheduling flexibility, the offset of 
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For CE mode B, thought TPC command is not supported, the offset of 
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should also be supported to solve the same problem mentioned for CE mode A. 
Proposal 18: An offset of the expected received power configured by eNB can be considered for PUR transmission in RRC_IDLE mode.
Resource allocation 
For dedicated PUR transmission in RRC_IDLE mode, in order to achieve the reliable transmission performance, higher modulation order and larger TBS is not recommended. Multi-TB grants is used for the dedicated PUR transmission when the TBS to be transmitted is much larger than the maximum TBS configured by eNB for single TB grant. If this case happens, PUSCH transmission in RRC_CONNECTED mode is suggested to be used for the transmission of larger TBS.

Proposal 19: Multi-TB grant is not supported at least for dedicated PUR in RRC_IDLE mode.

According to analysis in section 2, at least the following information is necessary in the PUR resource allocation: D-PUR Grant, D-PUR USS, D-PUR transmission start time,TA valid timer, delta RSRP for TA validity

Proposal 20: At least the following information is necessary in the PUR resource allocation:

D-PUR Grant, D-PUR USS, D-PUR transmission start time, TA valid timer, delta RSRP for TA validity

3. Shared PUR
In RAN1 #95 meeting, the evaluation parameters for CFS PUR link level simulation are agreed in[1]. Based on these  evaluation parameters, the CFS PUR link level simulation result is shown in Table 1, the detailed simulation assumptions are listed in Table A-1,Table A-2 and Table A-3 in Appendix.
Table 1:CFS PUR link level simulation result
	Simulation scenarios
	Scenario 1：

1PRB per UE(Dedicated PUR)
	Scenario 2：

2PRBs for 2 UEs(CFS PUR)
	Scenario 3：

3PRBs for 3 UEs(CFS PUR)
	Scenario 4：

6PRBs for 6 UEs(CFS PUR)

	MCL(dB)
	144
	144
	144
	144

	SNR(dB)
(See Note 1)
	2.4
	-0.6
	-2.3
	-5.3

	Number of repetitions
	8
	8
	8
	8

	BLER
	0.013
	0.0450
	0.0750
	0.0833

	Note 1: The value of SNR for each simulation scenario is calculated  in Table A-3 in appendix.


From the simulation result shown in Table 1, it can be seen that the transmission performance of CFR PUR is almost the same comparing with dedicated PUR if SIC is not used for decoding. No transmission performance gain is observed for CFR PUR.
Observation 8: Comparing with dedicated PUR, no performance gain is observed for CFR PUR if SIC is not used for decoding.
4. Conclusions

In this contribution, we have the following observations and proposals.

Observation 1: The application scenario of  cell specific indication where TA is valid within that cell is limited. 

Observation 2: Instead of using a new cell specific parameter to indicate   TA is valid within that cell, Time Alignment Timer or RSRP threshold for serving cell RSRP changes when configured to the value of infinity can achieve the same function.

Observation 3: Once TA is invalid, the subsequent dedicated PUR resources cannot be used for PUR transmission until TA is updated  .

Observation 4: If PUR transmission is happened during TA invalidation, the PUR transmission cannot be successfully decoded by eNB and this leads to the waste of PUR resource. 
Observation 5: If time-frequency resources of dedicated PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted in the dedicated PUR resource for TA measurement when TA is invalid.
Observation 6: If preamble is transmitted in dedicated PUR resources when TA is invalid, the waste of PUR resources is reduced and it can avoid the collision with preambles transmitted in PRACH.
Observation 7: For as a skipped PUR , eNB do not need to send any feedback to the UE.
Observation 8: Comparing with dedicated PUR, no performance gain is observed for CFR PUR if SIC is not used for decoding.
Proposal 1: Subscription based UE differentiation is supported for TA validation.

Proposal 2: Configuring a new parameter for cell specific indication where TA is valid within that cell is not supported.
Proposal 3: PDCCH order triggered CBRA/CFRA is supported for dedicated PUR in RRC_IDLE mode. 
Proposal 4: If PDCCH order triggered CBRA is received by dedicated PUR UE, the UE can assume that dedicated PUR transmission is unsuccessfully decoded by eNB.

Proposal 5: Once dedicated PUR UE’s TA is invalid, at least the following operations can be supported:

· Sending PDCCH order to trigger CFRA/CBRA procedures

· Sending preamble in the PUR resource for TA measurement if PUR resource is large enough for carrying preamble

· Sending contention based preamble for triggering fallback to legacy RACH/EDT procedures

Proposal 6: PUR USS is supported for dedicated PUR, and at least UL grant for HARQ retransmission is carried in the PUR USS.
Proposal 7: The starting position of PUR USS is decided based on the position of PUR resources in time domain.
Proposal 8: For a dedicated PUR UE, when PUR USS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.
Proposal 9: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.

Proposal 10: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.

Proposal 11: If PUR skipping is enabled by eNB, when the number of consecutive skipped PUR transmission recorded by eNB exceeds the configured threshold , eNB releases the PUR resources.
Proposal 12: If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR.
Proposal 13: If PUR skipping is not enabled by eNB, when the number of consecutive PUR transmission with the predefined block of bits is larger than a threshold configured by eNB,  eNB releases the PUR resources.
Proposal 14: For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK sent on MPDCCH.

Proposal 15: If NACK is received on MPDCCH corresponding to a PUR transmission, UE shall stop PUR USS monitoring and determine the subsequent operation up to its implementation.
Proposal 16: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect

· an UL GRANT for retransmission on the MPDCCH, or  

· a NACK, or

· no explicit ACK 

Proposal 17: For CE mode A, accumulation mechanism of transmitting power can be supported during one PUR transmission procedure (including initial transmission and retransmission).
Proposal 18: An offset of the expected received power configured by eNB can be considered for PUR transmission in RRC_IDLE mode.
Proposal 19: Multi-TB grant is not supported at least for dedicated PUR in RRC_IDLE mode.

Proposal 20: At least the following information is necessary in the PUR resource allocation:

D-PUR Grant, D-PUR USS, D-PUR transmission start time, TA valid timer, delta RSRP for TA validity

References

[1] 3GPP, Draft Report of 3GPP TSG RAN WG1 #95, v0.3.0

Appendix:Simulation assumptions
Table A-1:Basic link level simulation  parameters for CFS PUR

	Parameter
	Value/Description

	Channel model
	ETU 1Hz

	Resource Bandwidth(s)
	1, 2, 3 or 6 PRBs (contiguous)

	Traffic Pattern
	Fixed (N UEs transmit in the same resource) 

	Number of repetitions in a resource
	8

	Transport Block Size and Modulation Order
	104 bits,QPSK (See Note 1)

	Number of eNB Rx antennas
	2 

	Metrics
	BLER before HARQ

Number of resources (PRB x subframes) used by the technique to serve a given number of UEs

Baseline for comparison is dedicated PUR

	MCL
	144dB

	UE grouping
	All UEs in the same MCL level.

	Processing Receiver at eNB
	No SIC/joint decoding of UEs is assumed.

MMSE single user decoding. Not NOMA.

	DMRS collision
	Reuse eMTC PUSCH DMRS

	Channel Estimation
	Realistic

	CFO
	Uniform +/-50 Hz

	Timing Error
	0 (See Note 2)

	Power Imbalance
	Uniform +/-[5] dB

	Note 1:The value of TBS configured here is derived from Table A-2 which is a configuration of a testing case for eMTC in TS36.104 .
Note 2:In order to keep the orthogonality of DMRS, timing error of each UE is assumed to zero, that is to say, the UL synchronization is always kept during PUR transmission.


Table A-2
	Reference channel
	A3-1

	Allocated resource blocks
	1

	DFT-OFDM Symbols per subframe
	12

	Modulation
	QPSK

	Code rate
	1/3

	TB size (bits)
	104

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Coded block size including 12bits trellis termination (bits)
	396

	Total number of bits per sub-frame
	288

	Total symbols per sub-frame
	144


Table A-3: Link budget table for PUSCH

	Scenario
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Transmitter
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (kHz)
	180
	360
	540
	1080

	(6) Effective noise power
       = (2) + (3) + (4) + 10 log((5))  (dBm)
	-118.4
	-115.4
	-113.7
	-110.7

	(7) Required SINR = (8)-(6) (dB)
	2.4
	-0.6
	-2.3
	-5.3

	(8) Receiver sensitivity= (1)+(9)-(10) (dBm)
	-116.0
	-116.0
	-116.0
	-116.0

	(9) Receiver processing gain (dB)
	5 (See Note 1)
	5 (See Note 1)
	5 (See Note 1)
	5 (See Note 1)

	(10)Maximum coupling loss (MCL) (dB)
	144.0
	144.0
	144.0
	144.0

	Note 1: 
This value is taken from TR 36.888 for the processing gain for a typical BS, and is assumed to include the use of two receive antennas at the base station.
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