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1 Introduction

In the previous several meetings, RAN1 discussed the issue of UL ACK/NAK bundling as well as the multi bit ACK/NAK solution. For bundling, it was agreed to introduce this feature to overcome the A/N coverage problem at the cell edge under certain asymmetric UL/DL subframe allocations. But for the multi bit A/N solution, no agreement could be reached yet.
Both solutions work independently and are quite static in the usage. In this contribution, we propose to define a set of UL A/N feedback methods for each TDD UL/DL configuration and let the scheduler adaptively select the proper feedback method. This scheme provides additional flexibility in scheduling balance capacity, throughput and coverage.
2 Discussion
2.1 Current feedback method review

Regarding the UL ACK/NAK feedback issue under certain asymmetric UL/DL resources (DL > UL) scenarios, the initial concern is the lack of UL resources which leaves the one to one mapping of DL subframe and UL subframe un-attractive.
A solution to that is the introduction of multiple ACK/NAK bits transmitted in a single UL feedback resource. But as noted in [1], there is a coverage problem in this situation, and as a result ACK/NAK bundling was proposed as a way to transmit a single acknowledgement in response to several DL subframe transmission.
In RAN1#52 meeting, two feedback methods were proposed [2], where in the "single ACK/NAK feedback" ACK/NAKs from one or several DL subframes are combined (“bundled” by performing AND of all A/N) to a single ACK/NAK report, while in the "multiple ACK/NAK feedback" individual ACK/NAKs from each of the DL subframes assigned are transmitted.
There are 3 ways to transmit UL ACK/NAK feedback in TDD:

· one-to-one ACK/NAK feedback

· single ACK/NAK feedback

· multiple ACK/NAK feedback

The "one-to-one ACK/NAK feedback" method is similar to the method adopted in FDD, one A/N feedback resource in an UL subframe is one-to-one mapped to a DL subframe HARQ data, this method works well in the symmetric TDD UL/DL configuration, but when the UL/DL configuration is asymmetric (usually DL > UL), a user has big data blocks to receive in several DL subframes, the "one-to-one ACK/NAK feedback" will consume several UL feedback resources in one UL subframe, then the resources left for data are decreased, hence the capacity is decreased, but the coverage and the throughput will not be impacted.
The "single ACK/NAK feedback" method bundles several A/Ns of several DL subframe HARQ data into one feedback, and only consumes one UL feedback resource, hence avoids the problem of the "one-to-one ACK/NAK feedback". The coverage is not impacted because sufficient energy for that bundled bit is available, but the disadvantage of this method is in its user throughput. In principle the bundling method combines several small HARQ units into a larger unit, thus the HARQ gain is decreased, when applied in a low SNR environment, the throughput will be impacted due to the large amount of re-transmissions, even in good SNR environment, the performance may not be as good as the other two methods because of its larger error probability.
The "multiple ACK/NAK feedback" method multiplexes several A/Ns into one feedback resource, the capacity problem of the "one-to-one A/N feedback" is avoided, and the throughput is not impacted, but as the same energy is distributed over several bits, the energy per bit is decreased and hence impacts the coverage of that feedback.
Table 1: Comparison of the UL A/N feedback methods

	A/N Feedback Method
	Attributes
	Pros/Cons

	Multiple ACK/NAK feedback

(multi bit A/N)
	All A/N multiplexed into several bits in one feedback resource;

Each bit for one DL subframe;
	Low resource consumption;
Small coverage;

High throughput;

	Single ACK/NAK feedback

(bundled A/N)
	All A/N bundled (performing AND) into one feedback resource;

One bit for all DL subframe ;
	Low resource consumption ;

Large coverage;

Low throughput;

	One-to-one ACK/NAK feedback

(one-to-one A/N)
	One A/N in one feedback resource;

One bit for each DL subframe;
	High resource consumption ;

Large coverage;

High throughput;


Here we can see each way has its strength and weakness thus can be applied in different situations. Obviously the "multiple ACK/NAK feedback" scheme can be applied for UEs in high SNR or inner cell situations where high capacity or throughput can be achieved without coverage problem; the "single ACK/NAK feedback" scheme can also be applied for UEs in the center of the cell, but the performance may not be as good as the "multiple ACK/NAK feedback", the "single A/N" would outperform "multiple A/N" in low SNR environment typical for the cell edge. The "one-to-one A/N feedback" method may be applied only when a UE is scheduled in only one DL subframe. 
The characteristics of each feedback method gives us a hint which of the different feedback methods is beneficially applied for a UE in different situations. Thus the UL A/N feedback method could be scheduled according to the user's conditions such as data volume, channel condition and so on.
2.2 Scheduling the UL ACK/NAK feedback method
Let the notation (x, y) denote the UL ACK/NAK feedback method, where x indicates the number of bits contained in one UL feedback resource, and y indicates the number of bundled ACK/NAK per bit, the production of x and y will be the scheduling window size (number of DL subframes scheduled for a UE) and this is also the total needed UL A/N feedback volume.
Take TDD UL/DL configuration 2 （3 DL subframe + 1 DwPTS : 1 UL subframe ）as an example, the scheduling window size varies from 1 to max 4, and the 3 feedback methods could be expressed as:
· bundled A/N: 
(1, 4) (1, 3) (1, 2)

· multi bit A/N: 
(4, 1) (3, 1) (2, 1)

· one-to-one A/N: 
(1, 1)

[image: image1.wmf]DL

DL

Guard

TD

-

LTE 

5

ms half frame length

DwPTS

U

DL

UL

DL

DL

Guard

TD

-

LTE 

5

ms half frame length

DwPTS

U

DL

UL


Figure 1: UL/DL configuration 2 of Frame structure Type 2 with 5 ms switch point periodicity
If a UE is scheduled to receive DL data from 4 consecutive subframes, the scheduling window size is 4, and except the bundled A/N method (1, 4) and the multi bit A/N method (4, 1), there is still another combination (2, 2).  This (2, 2) method adopts 2 bits in one UL feedback resource and each bit represents 2 bundled A/N responses, this is a different method from the 3 current method, we call it "combined A/N".
The "combined A/N" feedback method can make larger coverage than "multi bit A/N", and achieve higher user throughput than "bundled A/N", thus it is an intermediate solution between the two and can be adopted in an overlapping area between the other two application scenarios.

Table 2: Usage of different UL A/N methods in UL/DL configuration 2
	Scheduling window size ( UL/DL config 2)
	Multi bit A/N
	Combined A/N
	Bundled A/N
	One-to-one A/N
	From left to right, the throughput decreases, the coverage increases

	4 DL subframe
	(4, 1)
	(2, 2)
	(1, 4)
	-
	

	3 DL subframe
	(3, 1)
	-
	(1, 3)
	-
	

	2 DL subframe
	(2, 1)
	-
	(1, 2)
	-
	

	1 DL subframe
	-
	-
	-
	(1, 1)
	

	From top to bottom, the scheduling window size decreases, the user throughput decreases under good SNR condition; while under poor SNR conditions, the re-transmission may limit the throughput of larger window size, thus a smaller window size may result in a higher throughput.
	


As demonstrated in the above table, we have a set of UL A/N feedback methods, and there could be a rule to schedule one method in the set to satisfy the throughput and coverage requirement. 
For example, if a UE starts from the cell centre and move towards the cell edge, if the scheduling window size is 4 DL subframes, then the scheduling order would be (4, 1) -> (2, 2) -> (1, 4), if the scheduling window size is 3 DL subframes, then the scheduling order would be (3, 1) -> (1, 3); and if the scheduling window size decreases to 1 DL subframe, the (1, 1) feedback method would be selected. The scheduler will decide the scheduling window size and select one feedback method from a set corresponding to that window size. This could be demonstrated by the graph below:
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Figure 2: Application examples of the UL A/N feedback methods in configuration 2
With respect to the extreme situation of configuration 5 ( 8 DL subframes + 1 S subframe + 1 UL subframe ), a similar table could also be proposed for each scheduling window size: 

Table 3: Application examples of the UL A/N feedback methods in UL/DL configuration 5

	Scheduling window size ( UL/DL config 5 )
	Multi bit A/N
	Combined A/N
	Bundled A/N
	One-to-one A/N

	9 DL subframe
	-
	(3, 3)
	-
	-

	8 DL subframe
	-
	(4, 2) ,  (2, 4)
	-
	-

	6 DL subframe
	-
	(3, 2) ,  (2, 3)
	-
	-

	4 DL subframe
	(4, 1)
	(2, 2)
	(1, 4)
	-

	3 DL subframe
	(3, 1)
	-
	(1, 3)
	-

	2 DL subframe
	(2, 1)
	-
	(1, 2)
	-

	1 DL subframe
	-
	-
	-
	(1, 1)


Here the maximum number of bits is 4, but the scheduling window size could be 9. We therefore propose to adopt the combined A/N for TDD UL/DL configuration 5 in the current specification. 

Similarly, for other UL/DL configurations of TDD (even including configuration 0 and 6), we can define a corresponding table to include all the possible UL A/N feedback methods, and the scheduler could adaptively select the most applicable method from the set.
2.3 On the PUCCH scheme for multi bit ACK/NAK

Currently there are two kinds of scheme proposed for the multi bit A/N transmission: PUCCH format 1b [3] or PUCCH format 2 [4].
Due to the simplicity reason, we prefer PUCCH format 1b, with a maximum of 4 ACK/NAK bits to be supported.

3 Proposal
We propose to make the UL ACK/NAK feedback method adaptively configurable and incorporate it into the scheduling function.
· Support "combined A/N" as well as "bundled A/N", "multi bit A/N" and "one-to-one A/N" in the specification;

· For each TDD UL/DL configuration, define a set of UL A/N feedback methods;

· FFS how to signal the selected UL A/N feedback method to the UE;
· For the multi-bit A/N transmission, the PUCCH format 1b shall be used with a maximum of 4 ACK/NAK bits.
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