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Discussion and Decision
Introduction
In RAN1#54 meeting in Jeju, the followings were agreed for ACK/NAK on PUSCH in LTE TDD [1]

· ACK/NAK multiplexing and ACK/NAK bundling are supported on PUSCH.
· Currently defined ACK/NAK region is re-used for ACK/NAK mulitplexing mode.
· (32,O) block code is re-used for 3 or more ACK/NAK feedback bits on PUSCH.
And the following issues related to ACK/NAK on PUSCH still need to be resoved in RAN1#54bis: 
· ACK/NAK bundling

· Error case handling
· ACK/NAK multiplexing
· Explicit DTX state should be supported or not
· Number of ACK/NAK feedback bits
· Offset value definition

· Special issues in configuration 5 (i.e. 9DL: 1UL)

· Error case handling

· 4 ACK/NAK feedback generation

In the present contribution, the solutions related to these issues are proposed.

Error case handling in ACK/NAK bundling
In [2], different solutions to handle missed DL assignments for bundled ACK/NAK transmission on PUSCH have been discussed. And we proposed that [2]:
· Additional bits are included in UL grant to handle the error cases on PUSCH.

· DAI is used to indicate the total number of Dynamic DL assignments in a bundling window in the case that UL grant available.

In this contribution, two kinds of methods to transmit 2-bit bundling information are further discussed as follows:
Option 1-1: 2 bits in UL grant are used to indicate total number of DL assignments in a bundling window.
· UE can be informed of the number of DL assignments when it transmits ACK/NACK on PUSCH corresponding to the uplink grant with this approach.
· Advantage: 
· Re-using UL index bits in UL grant, no additional signalling overhead.
· DTX detection at eNB is not necessary, which reduces eNB detection complexity.and improve the ACK/NACK detection probability
· No UL nor DL performance degradation issue.
· Disvantage: Persistent allocation having no UL grant available is a special case. In such case, eNB has to sacrifice some interpretation flexibility of DAI in DL grant or increase the DL grant robustness to ensure the performance of ACK/NAK bundling.
Option 1-2: 2 bits bundling information is transmitted on PUSCH.
· One example is “code selection” in [3]:  Select scrambling code based on the number of received DL subframes and scramble ACK/NAK bits accordingly.
· Advantage: 
· No UL grant unavailable issue
· Disadvantage: 
· UL ACK/NACK performance/coverage degradation is expected considered that DTX detection has to be performed at eNB.

· Additional information is transmitted on UL. To keep UL performance at a reasonable level, more UL resource consumption is expected.

Considering that ACK/NAK bundling was mainly introduced to improve UL performance, option 1-1 is our preferred solution. 
So, to handle missed DL assignments for bundled ACK/NAK transmission on PUSCH, we’d like to re-submit following proposal:
· Signal DAI containing the number of assigned DL subframes in UL grant, which re-uses the UL index bits.

· If UE detects missed DL assignment from DAI in either received UL grant or received DL grant or both, generate bundled NAK or DTX message.
· DAI is not contained in UL grant for 2DL: 3UL configuration.
· Bundling information transmitted on PUSCH (e.g.”code selection”) could be a choice in the case that UL grant is not available.

Explicit DTX supporting
Regarding to whether explicit DTX should be supported or not, two basic options are listed here:
Option 2-1: ACK/NAK/DTX feedback per DL assignment

· Advantage:
· Provide full information/capability for eNB to identify the explicit DTX state.
· Disadvantage:
· Each DL assignment needs 3-state feedback, which means 
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 bits are required. For example, if 4 DL assignments are associated with 1 UL, 7-bit feedback is needed to transmitted on PUSCH.The cost seems too expensive.
Option 2-2: DTX is mapped to NAK, and ACK/NAK feedback per DL assignment

· Advantage:

· Each DL assignment needs 2-state feedback, which reduces the number of feedback bits transmitted on PUSCH.

· Disadvantage:

· eNB has no information/capability to identify the explicit DTX state, therefore even UE feedback a NACK, eNB can only interprete it as DTX.ficial from performance te of writing this invention, there is a risk that nation of tran



























To find a trade-off between DL performance and UL feedback overhead, a solution named “DTX bundling” is proposed here to support explicit DTX feedback on PUSCH with minimum cost/overhead:
Option 2-3: ACK/NAK feedback per DL assignment, and use an additional bit as a “bundled-DTX” indicator
· DTX is mapped to NAK and ACK/NAK feedback per DL assignment.

· An additional DTX bit is used as a “bundled-DTX” indicator, which can be jointly encoded or separately encoded with multiple ACK/NAK feedback.
· Indicator =1: At least one assignment is missed ( At the receiver side, all NAKs are considered as potentially failed grants. 

· Indicator =0: All NAKs are considered as true NAKs ( all grants have been successfully received by the UE.
· Advantage:

· Provide the explicit DTX detection capability at eNB with minimum cost, only 1-bit is increased.
· Disadvantage:
· If one grant is missing, all NAKs has to be considered as DTXs. However, this performance degradation is expected to be rather small and impact to the system would be small.

The effects of explicit DTX supporting on UL performance/resource consumption have been investigated through simulation efforts. Figure 1-2 present the simulation results we obtained for 3 and 4 ACK/NAK feedback transmitted on PUSCH. Option 2-1, option 2-2 and option 2-3 are all considered, and the bits used to indicate “DTX” state are assumed to be jointly encoded with multiple ACK/NAK feedback.

The number of feedback bits used to support 3 and 4 ACK/NAK feedback in three options is shown in Table 1.
By taking performance and cost/resource consumption into account, option 2-3 is our perfered solution to support explicit DTX feedback.
Table 1. The number of bits used to support 3 and 4 ACK/NAK feedback
	
	Option 2-1
	Option 2-2
	Option 2-3

	3 ACK/NAK feedback
	3
	5
	4

	4 ACK/NAK feedback
	4
	7
	5
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Figure 1 Number of ACK/NAK symbols required for 3 A/N feedback transmission on PUSCH, option 2-1, 2-2 and 2-3 are all considered. ACK/NAK region, (32,O) block code. TU channel, 2 PRBs.
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Figure 2 Number of ACK/NAK symbols required for 4 A/N feedback transmission on PUSCH, option 2-1, 2-2 and 2-3 are all considered. ACK/NAK region, (32,O) block code. TU channel, 2 PRBs.
Number of ACK/NAK feedback bits
Two options are discussed here to determine the number of ACK/NAK feedback bits on multi-ACK/NAK on PUSCH:
Option 3-1: The number of ACK/NAK bits is based on the number of associated DL subframes.
Option 3-2: The number of ACK/NAK bits is based on the assigned DL grants.

From UL performance/resource consumption perspective, Option 3-2 is obviously a better way. And we propose that:

· Signal DAI containing the number of assigned DL subframes in UL grant, which re-uses the UL index bits.

· Signal DAI containing the number of previous assigned DL subframes in DL grant (i.e. pure counter way).

· If UL grant is available

· The number of ACK/NAK bits is based on the value of DAI in UL grant
· By comparing the DAI in UL Grant and DAI in DL Grant, UE can identify any missed DL assignment and its position among all transmitted DL assignments

· If UL grant is not available (e.g. SPS)

· The number of ACK/NAK bits is based on the number of associated DL subframes.
Offset value definition
Since the curve of required symbols vs. SNR is more steep for multi-ACK than for single ACK, it means required number of symbols will change greatly with change of offset value. So, to avoid unnecessary increase of resource for ACK/NACK transmission, so smaller step is preferred for multi-ACK transmission in PUSCH. We propose to use the same step as CQI transmission for multi-ACK and the offset value in Table 2 should be defined for ACK/NAK multiplexing on PUSCH. The first 8 values is unchanged while the last 8 reserved values are used to support small step offset value for ACK/NACK multiplexing on PUSCH.
Table 2. 4 ACK/NAK feedback generation in configuration 5

	Signaled value
	ΔACK/NAK [dB]
	Δ RANK [dB]
	Δ CQI [dB]

	0
	Not used
	1
	-1.0

	1
	4
	2
	0

	2
	5
	3
	0.5

	3
	6
	4
	1.0

	4
	7
	5
	1.5

	5
	8
	6
	2.0

	6
	10
	7
	2.5

	7
	13
	8
	3.0

	8
	8.5
	9
	3.5

	9
	9
	10
	4.0

	10
	9.5
	11
	4.5

	11
	10.5
	12
	5.0

	12
	11
	13
	5.5

	13
	11.5
	reserved
	6.0

	14
	12
	reserved
	7.0

	15
	12.5
	reserved
	8.0


Special Issues in configuration 5 (i.e. 9DL:1UL)

In configuration 5, the value of 2-bit DAI in DL grant is determined to use “wrap-around” method. I.e. the value of DAI in DL grant equals to the number of minimum assigned DL grants mod 4.
According to current design of DAI in DL grant, it can’t detect two kinds of error as follows:

· Consecutive 4 grants missing case.
· Last m grants missing case.
So, to handle these error case, we propose to signal DAI containing the number of assigned DL subframes in UL grant in configuration 5, which re-uses the UL index bits.
And 2 options are listed here to use 2-bit DAI in UL grant to support the value up to 9.

Option 4-1: the value of DAI in UL grant equals to the number of assigned DL grants mod 4.
Option 4-2: the value of DAI in UL grant equals to the number of assigned DL grants mod 3.

Then by comparing the DAI in UL Grant and DAI in DL Grant, UE can identify the missed DL assignment. However, some error cases still exist due to “wrap-around” in DAI in DL and UL grant.

· In option 4-1, the error case exists if consecutive 4 DL or 8 DL grants are missing (considering consecutive 8DL grants missing is a very rare case, only consecutive 4 DL missing is considered in following). 
· In option 4-2, the error case exists if last 3 or 6 DL grants are missing (considering last 6 DL grants missing is a very rare case, only last 3 DL grants missing is considered in following).
Our understanding is that both option 4-1 and option 4-2 are all workable from error case handling perspective. And the final choice may depend on another issue: 4 ACK/NAK feedback generation in configuration 5.

Regarding 4 ACK/NAK feedback generation in configuration 5, two options are discussed as follows:

Option 5-1: fixed mapping
· Fixedly divide the 9 DL subframes within one scheduling window into 4 groups, and then 1 ACK/NACK feedback is generated in each group.
Option 5-2: dynamic mapping
· 4 ACK/NAK feedback generation is based on the detected DL assignments. One example [5] is that indexing the detected subframes as 
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Option 5-1 is simpler, and option 5-2 is more efficient in some cases. Considering existing error cases in configuration 5, we compare the reliability of thest options in Table 3.
Table 3. 4 ACK/NAK feedback generation in configuration 5
	
	UL grant is not available *
	2-bit DAI in UL grant: mod 4 *
	2-bit DAI in UL grant: mod 3 *

	Error Cases
	Consecutive 4 grants missing
	Last m grants missing
	Consecutive 4 grants missing
	Last 3 grants missing

	A/N reliability
(The worst case)
	Fixed mapping
	2 A/N feedback will be wrong
	4 A/N feedback will be wrong
	2 A/N feedback will be wrong
	2 A/N feedback will be wrong

	
	Dynamic mapping
	4 A/N feedback will be wrong
	4 A/N feedback will be wrong
	4 A/N feedback will be wrong
	3 A/N feedback will be wrong


* 2-bit DAI in DL grant: “Pure Counter” mod 4

In summary

· 2-bit DAI in UL grant could provide more reliability in comparison with the case that only DAI in DL grant is available. And option 4-2 is slightly better than option 4-1.

· “Fixed mapping” could provide more reliability in comparison with “dynamic mapping”, but the latter is more efficient in some cases.
So, our proposal in configuration 5:

· Signal DAI containing the number of assigned DL subframes in UL grant combined with “wrap-around” method, which re-uses the UL index bits.
· In configuration 5, the number of multiple ACK/NAK feedback is fixed to 4. Both “fixed mapping” and “dynamic mapping” are all possible solutions to generate 4 ACK/NAK feedback.
Conclusion
· Signal DAI containing the number of assigned DL subframes in UL grant in both ACK/NAK bundling and ACK/NAK multiplexing modes, which re-uses the UL index bits.

· ACK/NAK multiplexing mode:

· Signal DL DAI containing the number of previous assigned DL subframes in DL grant (i.e. pure counter way).

· If UL grant is available: The number of ACK/NAK bits is based on the value of DAI in UL grant. 
· An additional 1-bit, which is encoded jointly or separately, indicates any missing DL assignment (‘0’) or not (‘1’)

· If UL grant is not available: The number of ACK/NAK bits is based on the number of associated DL subframe. 

· In configuration 5:

· Signal DAI containing the number of assigned DL subframes in UL grant combined with “wrap-around” method, which re-uses the UL index bits.

· The number of multiple ACK/NAK feedback is fixed to 4. And both “fixed mapping” and “dynamic mapping” are all possible solution to generate 4 ACK/NAK feedback.
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