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Discussion and Decision
Introduction
In RAN1#53 meeting in Kansas, the followings were agreed for the error case handling in bundled ACK/NACK for TDD [1].

· A 2-bit Downlink Assignment Index (DAI) field is added to DCI formats 1/1A/1B/2 to denotes a counter of the minimum number of previous and future dynamic downlink assignment transmitted within the bundling window.
· UE determines the UL ACK/NACK PUCCH index based on the lowest CCE index and downlink subframe number of the last received/detected dynamic assignment.
There are however some cases that could need further consideration when it comes to missed DL assignments, such as

· Bundled ACK/NAK and scheduling request or CQI on PUCCH

· Bundled ACK/NAK transmission on PUSCH

In the present contribution, some different solutions to handle missed DL assignments for bundled ACK/NAK transmission on PUSCH are discussed.
Options for Error Case Handling on PUSCH
When the bundled ACK/NACK should be transmitted with PUSCH data, error cases are possible if the DAI is implemented purely as a counter. In this case, an error occurs when the UE missed last M consecutive assignments out of N assignments.

Further, considering the target error probabilities for the L1/L2 control signaling as given in [2], it may be noted that the target error rate for a NACK to ACK error is around 1e-4 to 1e-3.  This is also the same target probability that the UE misses one or some DL assignments and it sends ACK instead of DTX to the eNB. This target error probability will not be met with bundling, since the target error rate for missed DL assignment is 1e-2. Some ways are proposed here to meet this target probability.
Option 1: 2 bits DAI in DCI format 1/1A/1B/2 indicates total number of DL assignments in a bundling window.

· In the current agreement, 2-bit DAI can be flexibly used to indicate total number of DL assignments or “counter” of downlink assignments or somewhere between those two interpretations. In this option, 2-bit DAI is suggested to used to indicate the total number of DL assignments in a bundling window if the bundled ACK/NACK should be transmitted with PUSCH data.

· Advantage: 
· Error case will not happen.
· No special care for error case handling is necessary.
· Disadvantage: eNB scheduler has to make scheduling decision per bundling window, not per subframe. In other words, we have to sacrifice per subframe scheduling flexibility as long as bundled ACK/NACK is transmitted with PUSCH data.
Option 2: 2 bits bundling information is transmitted on PUSCH.

· Signal the number of received DL assignments and hence the number of bundled ACK/NAKs on PUSCH together with the bundled ACK/NAK.  
· Advantage: 
· Error case will not happen.
· Flexible interpretation of the 2-bit DAI is kept.
· Disadvantage: Similarly to multiplexing of multiple individual ACK/NAKs on PUSCH, the signaling needs to be defined and UL performance is expected to degrade. Considering that ACK/NAK bundling was mainly introduced to improve UL performance, option 2 should be further considered from UL coverage perspective.
Option 3(a): 2 bits in UL grant 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: 
· Error case will not happen. 
· Flexible interpretation of the 2-bit DAI is kept.
· NO UL coverage issue.
· Disvantage: Persistent allocation having no UL grant available (e.g. semi-persistent PUSCH transmission) is a special case not covered by this solution.

Option 3(b): 1 bit in UL grant to indicate total number of DL assignments in a bundling window is enven or odd.

· UE can be informed the number of DL assignments is even or odd when it transmits ACK/NACK on PUSCH corresponding to the uplink grant with this approach.
· Advantage: not occupy so many UL grant resource and could provide acceptable performance.
· Error case will not happen when the number of assignments per bundling window is 1 or 2. When the number of assignments per bundling widnow is bigger than 2, simulation results shows that its error case probability is around 1E-3 level.
· Flexible interpretation of the 2-bit DAI is kept.
· NO UL coverage issue.
· Only 1 additional bit is included in UL grant.
· Disvantage: Persistent allocation having no UL grant available (e.g. semi-persistent PUSCH transmission) is a special case not covered by this solution.
Option 4: Not to specify a solution and leave these error cases up to the eNB.
· Advantage: No special care for error case handling is necessary.
· Disvantage:
· The simulation results show that the error case probability is around 1E-2 level if NO any error case handling method is adopted, which is far away from the target (i.e. 1E-4 to 1E-3 level). UL performance is then expected to degrade severely.
· Additional constraints or complexity seems necessary to eNB scheduler though they may not ensure the error cases could be reduced to a satisfied level.
A summary of these error case handling on PUSCH is list in Table 1.

Table 1. Summary of Error Case Handling on PUSCH
	
	Option 1
DAI used to indicate “total”
	Option 2
2 bits bundling information on PUSCH
	Option 3
1 or 2 bits included in UL grant
	Option 4
Do not adopt any specific handling method

	Cost
	Additional Signalling
	
	2 bits bundling information is transmitted on PUSCH
	1or 2 bit(s) included in UL grant
	

	
	Scheduling Complexity
	DL resource allocation per bundling window
	
	
	Additional complexity on eNB scheduler

	Performance
	Error case will not happen.
	Error case will not happen.

Have UL coverage issue.
	Error case will not happen for option 3(a).

Error case probability is 1E-3 for option 3(b).
	Error case probability is around 1E-2, which is far away from 1E-4 to 1E-3 level.


Simulation
We have conducted simulations of the error case probability on PUSCH (i.e. UE sends an bundled ACK on PUSCH though some DL assignments have been missed ). 
We have used the assumptions listed in Table 2. We run through all possible number of DL assignments assuming that DL subframes are uniformly distributed over the total bundling window. 
Option 3(b) (i.e. 1 bit in UL grant) and option 4 (NO any error case handling) are simulated here to evaluate whether their performance is acceptable or not.

Table 2. Assumptions and parameters for error case probability on PUSCH analysis.

	Item/parameter
	Setting/assumption

	Bundle Windows Size
	2, 3, 4 (winsize=9 is FFS)

	PDSCH error rate
	0% (worst-case for analysis DTX-to-ACK probability)

10%

20%

	PDCCH error rate
	1%

	Correlation among successive PDCCH/PDSCH errors, PDCCH CORR
	From 0% to 70%, with granularity 10%

	Distribution of DL assignments over bundling window
	Uniform

	Downlink Assignment Index encoding methods
	Pure counter


The simulation results for bundle winsize= 3 with 3 assignments per bundling window, winsize=4 with 3 assignments per bundling window, and winsize=4 with 4 assignments per bundling window are shown in Figure 1- Figure 3.
[image: image1.png]o 3 Assignments per Bundle Window, Bundle Winsize = 3, PDCCH BLER = 1.0%
T T T T T T

NO error case handling

e
= ]

=20

—% -PDSCH BLER: 0%
=% ~PDSCH BLER: 10% | .
—% ~PDSCH BLER: 20%
—6—PDSCHBLER: 0%
—6—PDSCH BLER: 10%
—©—PDSCH BLER: 20%

1 bitin UL grant

3

o i i i i i i
0% 10% 20% 0% 0% 50% 60% 70%
Correlation Among Successive Channel Errors




Figure 1 Error case probability for Winsize=3 with 3 assignments per bundling window
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Figure 2 Error case probability for Winsize=4 with 3 assignments per bundling window
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Figure 3 Error case probability for Winsize=4 with 4 assignments per bundling window

In summary, our simulation efforts show that:
· Option 3(b) could provide acceptable error case performance, whose error case probability is around 1E-3 level in most cases.

· The performance of option 4 is around 1E-2 level, which is far away from the target (i.e. 1E-4 to 1E-3 level).

Conclusion
In this contribution, four options to handle the error cases with bundled ACK/NACK transmission on PUSCH were discussed. By taking the performance (e.g. error case probability and UL coverage issue) and the cost (e.g. additional signalling and scheduling complexity) into account, we propose that:

· 1 or 2 bits are included in UL grant to handle the error cases on PUSCH.

· DAI is used to indicate the total number of DL assignments in a bundling window in the case that persistent allocation having no UL grant available.
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