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1. Introduction and Summary
The current LTE channel coding and multiplexing specification 36.212 [1] does not describe in sufficient detail the usage of RV (redundancy version) and RSN (retransmission sequence number) signalling for shared DL and UL channels. In this document, we propose to address this. The proposal can be summarized as follows:

· DL and UL adaptive HARQ: explicit 2 bit RV signalling for each HARQ attempt, with RV0 reserved for the 1st HARQ attempt (no NDI bit).

· UL non-adaptive HARQ: only the 1st HARQ attempt needs to be explicitly granted. The grant format is identical to that used for UL adaptive HARQ, i.e. 2 bit RV0 is used. For retransmissions, RV is implicitly linked to HARQ RSN (in an HSUPA-like manner).

In addition, we believe that further reduction of the signalling overhead can be achieved with no or minor performance implications by combining RV with persistent/dynamic assignment signalling. This is elaborated in the document [2].
2. DL and UL Adaptive HARQ
2.1. Need for Explicit RV Signalling

The DL and UL dynamic scheduling with adaptive HARQ is intended to provide the scheduler with maximum flexibility (within the constraint of synchronous HARQ in UL) for opportunistically exploiting the channel variations and unequal resource allocation for HARQ retransmissions. Every HARQ attempt is signalled by the PDCCH. Therefore, the scheduler should also have the freedom to select the RV sequence that best matches its strategy. Hence, it is proposed that explicit 2-bit RV signalling is adopted, with the RV sequence selection left to implementation (except restrictions for RV0 as described below).
2.2. NDI Bit

Two methods of indicating the transmission of new data (as opposed to retransmission) have been under discussion in RAN1:

· Employing the additional new data indicator (NDI) bit.

· Reserving RV0 for the 1st HARQ attempt.

According to the communication received from RAN2 [3], there are no significant differences between these approaches from the protocol point of view. Therefore, it is proposed to adopt the latter method i.e. reserving RV0 for the 1st HARQ attempt (no NDI) to reduce the signalling overhead.
2.3. RV Definition

In the current specification [1], the inter-RV distance is always equal to 24 circular buffer columns. An alternative, uneven spacing of 28 columns (between RV0-1, 1-2, 2-3) and 12 columns (RV3-0) was proposed [4][5] in the case of the no-NDI approach, to make the systematic bits more readily available for a HARQ retransmission with RV3.
However, with RV0 reserved for new transmissions, the situation where the PDCCH with RV=0 (that signals the 1st HARQ attempt) is undetected in the UE and is then followed by a PDCCH with RV>0 (that signals the 2nd HARQ attempt) is expected to be rare, because it occurs as a result of two consecutive errors (PDCCH->DTX, DTX->Data). Instead, upon detecting no activity on the reverse link after the 1st PDCCH with RV=0, the scheduler should preferably repeat the original grant with RV0.
Therefore, non-availability of the systematic bits in the receiver is expected to be unlikely, and the need to retransmit them (for optimal IR performance when initial transmission’s coding rate is high) will not arise until the 5th HARQ attempt [4]. This indicates no strong need to reduce the spacing between RV3 and RV0. Finally, if required, it is possible to enforce a retransmission of the systematic bits by allocating sufficiently large physical resource and RV3 (DL and UL adaptive HARQ). With UL non-adaptive HARQ, all RVs are available for retransmission anyhow.
In summary, both the 24- and 28- column approaches are viable. It is proposed to keep the currently defined 24-column RV spacing [1].
3. UL Non-Adaptive HARQ
3.1. RSN-RV Linkage Principle
The UL non-adaptive HARQ is motivated by the need to reduce the signalling overhead. Only the presence of the 1st HARQ attempt needs to be made known to the receiver, with the retransmissions (if any) occurring on pre-defined time and frequency resources of unmodified size. Therefore, to disambiguate the RV for different HARQ attempts and ensure good IR combining performance, a rule needs to be in place linking the (implicit) RSN i to one of the existing RV k, k = 0..3. Effectively, the non-adaptive mode can be thought of as a fall-back mode that the UE shall adopt if a HARQ retransmission is due, yet no corresponding grant was received.
An alternative would be to allow a (more or less) pure circular buffer, with the ith HARQ attempt selecting bits from the next available address in the VCB (beyond the address where attempt (i–1) stopped). For example, [6] identifies the bitwise and columnwise schemes as possibilities. The columnwise scheme is expected to perform poorer of the two, leaving gaps of unused bits in the VCB (or, with some modification, gaps and/or overlap areas) which reduce the coding gain. However, even the pure bitwise circular buffer approach is unlikely to offer meaningful gains over the rule-based approach described above.
Indeed, for the higher coding rates we expect to only observe some gains starting from the 3rd or higher HARQ attempt. For the lower coding rates, minor gains may be observable from the 2nd HARQ attempt onwards. Re-using the fixed set of RVs from the other HARQ modes will lessen the implementation and testing effort. Therefore, unless significant gains can be demonstrated from the pure CB approach, it is proposed that an HSUPA-like rule, linking the RV to the RSN is given in the specification for the non-adaptive UL mode.
A 2-branch linking rule is shown in the text proposal below. It may be possible to further optimize the exact switching point somewhat.

3.2. Further Discussion

To ensure good IR performance, the RSN-RV linkage should include 2-3 branches which condition the RV sequence on the coding rate. The following two issues arise immediately and are solved in a simple manner:

· Since the physical resource actually available for UL-SCH retransmissions may vary depending on the amount of in-band control information, it is proposed that the coding rate of the 1st HARQ attempt be adopted for this purpose.
· Further, the actual coding rate may fluctuate fractionally between the code blocks of the same transport block, yet it is desirable to apply the same RV to all such code blocks. Therefore, a single coding rate must be uniquely defined for the entire TB. This may be calculated in a number of ways, e.g. by dividing the TB size by the physical resource available for transmission, or based on the coding rate available for code block j. It is proposed that the latter is adopted; specifically that the coding rate for the last code block is adopted. This is simpler than calculating the coding rate over the entire transport block, and slightly preferred to using the 1st code block as this may enjoy slightly better protection than other blocks and hence may not be fully representative.
4. Conclusion
A proposal on finalizing the RV signalling issues for the shared channels was presented. A text proposal to aid editing is given below.

Start Text Proposals
5.2.2.4
Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by 
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, and where r is the code block number, i is the coded stream index, and 
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 is the number of bits in each coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is individually rate matched according to subclause 5.1.4.1, with the redundancy version number rvidx equal to 0, 1, 2 or 3.
If the DCI is available that corresponds to the UL-SCH transport block, then the rvidx signalled by the DCI shall be used in subclause 5.1.4.1. If rvidx = 0 is signalled on the DCI, then the corresponding transport block shall be treated as the initial transmission.

Otherwise, if no DCI is available that corresponds to the UL-SCH transport block, then the rvidx defined by table XXX shall be used in subclause 5.1.4.1.
Table XXX: Definition of rvidx when DCI is not available.
	RSN mod 4
	DC–1 / EC–1,0 ≤ 4/9
	4/9 < DC–1 / EC–1,0

	
	rvidx
	rvidx

	0
	0
	0

	1
	3
	2

	2
	2
	3

	3
	1
	1


RSN is an implicit counter of the number of HARQ transmissions of the transport block, starting with 0. DC–1 is the number of bits on a coded stream for code block number C–1 and EC–1,0 is the number of rate matched bits for code block number C–1 on the 1st HARQ transmission (RSN=0).
After rate matching, the bits are denoted by 
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 is the number of rate matched bits for code block number r. 
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 is the number of bits in each coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is individually rate matched according to subclause 5.1.4.1, with the redundancy version number rvidx equal to 0, 1, 2 or 3. If rvidx = 0 is selected, then the corresponding transport block shall be treated as the initial transmission.
After rate matching, the bits are denoted by 
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5.3.3.1
DCI formats

5.3.3.1.1
Format 0

DCI format 0 is used for the transmission of UL-SCH assignments. 

The following information is transmitted by means of the DCI format 0:

- [Flag for format0/format1A differentiation – 1 bit]

- Hopping flag – 1 bit

- Resource block assignment and hopping resource allocation – 
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 bits

- Transport format

- Redundancy version – 2 bits
- TPC command for scheduled PUSCH – 2 bits

- [Cyclic shift for DM RS]

- [Transmit antenna selection]

- UL index (this field just applies to TDD operation)

5.3.3.1.2
Format 1

DCI format 1 is used for the transmission of DL-SCH assignments for SIMO operation. 

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

- Distributed transmission flag – 1 bit

- Resource allocation header

- Resource block assignment – 
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 bits, where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- Transport format

- HARQ process number

- Redundancy version – 2 bits
- TPC command for PUCCH and persistent PUSCH – 2 bits

5.3.3.1.3
Format 1A

DCI format 1A is used for a compact transmission of DL-SCH assignments for SIMO operation. 

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

- [Flag for format0/format1A differentiation – 1 bit]

- Distributed transmission flag – 1 bit

- Resource block assignment – up to 
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- Transport format

- HARQ process number

- Redundancy version – 2 bits
- TPC command for PUCCH and persistent PUSCH – 2 bits

5.3.3.1.4
Format 2

DCI format 2 is used for the transmission of DL-SCH assignments for MIMO operation. 

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

In general: 

- Distributed transmission flag – 1 bit

- Resource allocation header

- Resource block assignment – 
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- TPC command for PUCCH and persistent PUSCH – 2 bits

- [Number of layers]

For the first codeword: 

- Transport format

- HARQ process number

- Redundancy version – 2 bits
For the second codeword:

- Transport format

- [HARQ process number]

- [Redundancy version – 2 bits]

5.3.3.1.5
Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments. 

The following information is transmitted by means of the DCI format 3:

- TPC command for user 1, user 2,…, user N
5.3.3.1.6
Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments. 

The following information is transmitted by means of the DCI format 3A:

- TPC command for user 1, user 2,…, user 2N
End Text Proposals
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