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1 Introduction
The signalling of the offset parameters for computing control resources on PUSCH is based on RRC signalling, which can be updated at a relatively slower rate, e.g., on the order of radio frame time. During the discussion in RAN1 #53bis meeting, there were concerns on the scenario of semi-persistent scheduling, during which the resources allocation for the uplink will not be updated for the transmissions [1]. In a time-varying channel environment, this may result in a deficiency of control resources which in turn degrades the reliability of the control information that is transmitted on PUSCH. 
This contribution proposes a way to update the offset parameters semi-dynamically. 

2 Semi-dynamic signaling of Offset parameters
When semi-persistent scheduling (SPS) is configured for the uplink, data will be transmitted in the PUSCH according to the pre-scheduled subframe without additional uplink grant except for the first PDCCH with DCI Format 0 corresponding to the SPS.  As the channel may vary during the subsequent PUSCH transmissions, the control information as carried on the PUSCH may subject to increases in error rates, if the amount of resources for control remains the same as the first SPS transmission. 
The problem can be resolved if the amount of control resources can be re-computed for the subsequent SPS transmissions in accordance to the changes in channel conditions. This can be done semi-dynamically through a re-interpretation of the “TPC command for PUCCH” field (2 bits) in DCI Formats 1/1A/1B/2/2A in the PDCCH for the downlink transmission. Similarly, the TPC commands in Format 3/3A can also be applied to the adjustment of the offset values for SPS transmission. This is possible because PUCCH and PUSCH transmissions are mutually exclusive for an UE. When an UE is transmitting PUCCH, the field is used for transmit power control. However, when the UE is transmitting PUSCH instead of PUCCH, the “TPC command for PUCCH” field in DCI Formats 1/1A/1B/2/2A and Format 3/3A are indications of how much the offset parameter should be adjusted. It is assumed that the nominal values of the offset parameters are configured through RRC signalling. 
An increase in transmit power for PUCCH corresponds to a degraded channel quality, which corresponds to a need in increasing the amount of control resources on PUSCH, especially for semi-persistent scheduling. In contrast, a decrease in transmit power for PUCCH corresponds to an improvement in channel quality, which implies that a decrease in the amount of control resources would be possible without degrading the link reliability. The mappings of the TPC command indices to offset adjustments are shown in Table 1and Table 2, for 2-bit and 1-bit TPC command respectively. The adjustments offset to the nominal values of Offset_dB can be accumulative or non-accumulative. Nominal values of Offset_dB of HARQ-ACK, RI and CQI/PMI (
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) can be configured via higher layer signalling, as proposed in [1].
There is no additional signalling overhead incurred in this case, as PUCCH is not transmitted at the same time as PUSCH.

Table 1
Mapping of TPC field index to TPC command (Format 1/1A/1B/2/2A/3) value and Offset_dB adjustment

	TPC command for PUCCH index
	pucch (dB) [3]
	offset (dB)

	0
	-1
	[-0.1]

	1
	0
	[0.0]

	2
	1
	[0.3]

	3
	3
	[0.6]


Table 2
Mapping of TPC field index to TPC command (Format 3A) value and Offset_dB adjustment

	TPC command for PUCCH index
	pucch (dB) [3]
	offset (dB)

	0
	-1
	[-0.1]

	1
	1
	[0.3]


3 Conclusion
The open issue on offset parameter signalling for computing control resources on PUSCH has been discussed in the previous meeting. While the nominal offset parameters can be configured through RRC signalling at the higher layer, they do not respond to the channel variation, especially in the case of SPS. As HARQ is applied to data transmission, an increase in BLER for the initial transmission may not be a problem as the data can be recovered through HARQ re-transmissions. Unfortunately, this is not the case for control information. An error in ACK/NACK transmitted through PUSCH can cause unnecessary re-transmissions at the physical or MAC layers which may result in significant degradation and waste of resources. 

The proposal provides a way to adjust the offset parameter values as the channel changes. 
4   Proposed text changes for TS 36.212 

Similar changes shall be applied to the new Format 1B and 2A.
5.3.3.1.2
Format 1

DCI format 1 is used for the scheduling of one PDSCH codeword. 

The following information is transmitted by means of the DCI format 1:

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 
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 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- Modulation and coding scheme – 5 bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH/Offset adjustment for control on PUSCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

5.3.3.1.3
Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword. DCI format 1A can be used for scheduling PDSCH to UEs configured in any transmission mode. 

The following information is transmitted by means of the DCI format 1A:

- Flag for format0/format1A differentiation – 1 bit

- Localized/Distributed VRB assignment flag – 1 bit

- Resource block assignment – 
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- For distributed VRB: 
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- Modulation and coding scheme – 5bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH/Offset adjustment for control on PUSCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

If the number of information bits in format 1A is less than for format 0, zeros shall be appended to format 1A until the payload size equals that of format 0.

5.3.3.1.4
Format 1C

DCI format 1C is used for very compact assignments of DL-SCH assignments. The DL-SCH transmission shall always use QPSK modulation when format 1C is used.

The following information is transmitted by means of the DCI format 1C:

- Resource block assignment [5 bits]

- Modulation and coding scheme – 3 bits

- Redundancy version – 2 bits

5.3.3.1.5
Format 2

DCI format 2 is used for scheduling PDSCH to UEs configured in spatial multiplexing mode. 

The following information is transmitted by means of the DCI format 2:

In general: 

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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- For resource allocation type 1 [3], 
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- TPC command for PUCCH/Offset adjustment for control on PUSCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

- HARQ process number - 3 bits (FDD), 4 bits (TDD)

- HARQ swap flag – 1 bit

For codeword 1: 

- Modulation and coding scheme – 5 bits

- New data indicator – 1 bit

- Redundancy version – 2 bits

For codeword 2:

- Modulation and coding scheme – 5 bits

- New data indicator – 1 bit

- Redundancy version – 2 bits

Precoding information – number of bits as specified in Table 5.3.3.1.5-1

A codeword field is also used for determining whether the corresponding codeword is enabled or disabled. The interpretation of the precoding information field depends on the number of enabled codewords according to Table 5.3.3.1.5-2, Table 5.3.3.1.5-3 and Table 5.3.3.1.5-4.  Note that PMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]. The combination of a single enabled codeword and RI=2 in Table 5.3.3.1.5-3 and Table 5.3.3.1.5-4 is only supported for retransmission of the corresponding HARQ process.

For the open-loop spatial multiplexing transmission mode with 2 antenna ports, the precoding information field is not present. The number of transmission layers, RI, is equal to 2 if both codewords are enabled; and is equal to 1 if codeword 1 is enabled while codeword 2 is disabled.

5 Proposed Text Changes to TS 36.213

The following section should be included in TS 36.213 to clarify the procedure for transmitting control information on PUSCH.
8.8 Control Information Transmission on PUSCH

When an uplink scheduling assignment (Format 0) is received in subframe i, the HARQ-ACK corresponding to PDSCH transmission in subframe i, and/or CQI and/or PMI information are multiplexed with uplink traffic data for transmission in subframe (i+4), according to the procedure as described in Section 5.2.2 of  TS 36.212 v8.3.0. 
In case of semi-persistent scheduling, i.e., an uplink scheduling assignment is not available for transmission in subframe i, the UE shall compute the amount of control resources with an adjustment to the offset parameters in Section 5.2.2.6, as follows:
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where 
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are configured through RRC signalling, according to the values shown in Table 8.6.3-1 of [1], and 
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 is obtained through the “TPC command for PUCCH/Offset adjustment for control on PUSCH” field in DCI Format 1/1A/1B/2/2A or Format 3/3A, as received in subframe (i-4); or the most recently received PDCCH with the above DCI Formats. The values of 
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 as represented by the field shared with TPC command for PUCCH are as shown in Table 1 and Table 2, in the column for offset. 
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