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1 Introduction

In the RAN1#54bis meeting, offline discussions on remaining issues for TDD ACK/NAK transmission on PUSCH resulted in a proposed way forward [1]. The content of the way forward is shown in the Appendix. After the meeting, for ACK/NAK multiplexing on PUSCH transmission, two ambiguities were found that could lead to erroneous operation. 
Ambiguity 1: Does the subframe where SPS is activated count as a dynamic DL grant or an SPS subframe?
Ambiguity 2: Does an over-ridden SPS subframe count as a dynamic DL grant or an SPS subframe?
In the present contribution, solutions to these ambiguities that avoid erroneous operation are provided.
2 Discussion
As we know, RRC signalling is used to notify the periodicity of SPS, and PDCCH is used to activate SPS. To be clear and convenient, we call the sub-frame used to activate SPS as ‘Activate-SPS sub-frame’, subsequent sub-frame according to the periodicity of SPS are called SPS sub-frames. For ACK/NAK multiplexing on PUSCH transmission, the ACK/NAK corresponding to the SPS sub-frame must be placed in a known position of the K ACK/NAK bits, for example, as said in way forward, the first bit. If not, and the ACK/NAK is placed in the SPS sub-frame order of appearance, the UE will not know how to feedback when the SPS sub-frame is received and simultaneously the PDCCHs corresponding to dynamically scheduled sub-frames are missed by the UE. The last of the K ACK/NAK bits could also be used instead of the first of the K ACK/NAK bits. 
Ambiguity 1: Does the Activate-SPS subframe count as a dynamic DL grant or an SPS subframe?

If the Activate-SPS subframe counts as an SPS subframe, and the ACK/NAK corresponding to the Activate-SPS sub-frame is mapped into the first of the K ACK/NAK bits, an error occurs. The PDCCH used to activate SPS may be missed by the UE, so the UE can not know of the existence of the Activate-SPS sub-frame. However, according to the way forward, the ACK/NAK corresponding to the SPS sub-frame will be expected in the first of the K ACK/NAK bits, but since the 2 bits DL DAI excludes the SPS sub-frame, the feedback of UE will be wrong. 
This is shown in Figure 1. Assuming four downlink sub-frames in the bundling window, indexed by A, B, C, D. The eNodeB scheduled two downlink sub-frames A, C. The UE missed the PDCCH of subframe A, and correctly received sub-frame C only. The UE feedback is then (ACK, NAK), but the eNodeB expects to feedback (NAK, ACK) according to way forward. 
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Figure 1: the Activate-SPS sub-frame is SPS subframe, it is not counted in DL DAI, and the ACK/NAK corresponding to the SPS sub-frame is mapped into the first of the K ACK/NAK bits
If the Activate-SPS subframe counts as an SPS subframe, and the ACK/NAK corresponding to the Activate-SPS sub-frame is mapped into the last of the K ACK/NAK bits, then no error cases are found at present. Alternatively, the Activate-SPS subframe can be considered a dynamic grant, contain DAI, and be included in the DAI count.
Table 1 lists four type of combinations, as follows:
Table 1: Error case when assigned PDSCH sub-frames include Activate-SPS sub-frame
	
	the ACK/NAK corresponding to the SPS sub-frame is mapped into the first of the K ACK/NAK bits
	the ACK/NAK corresponding to the SPS sub-frame is mapped into the last of the K ACK/NAK bits

	The Activate-SPS sub-frame is SPS sub-frame(not be counted in DL DAI)
	error
	No error

	The Activate-SPS sub-frame is not SPS sub-frame(be counted in DL DAI)
	No error
	No error


Ambiguity 2: Does an over-ridden SPS subframe count as a dynamic DL grant or an SPS subframe?

When the overridden sub-frame is counted in DL DAI, and the ACK/NAK corresponding to the SPS sub-frame is mapped into the first of the K ACK/NAK bits, an error occurs. For example, assume four downlink sub-frames in the bundling window, indexed by A, B, C, D. The eNodeB scheduled three downlink sub-frames A, C, D. The UE received correctly receives sub-frame C only, shown by figure 2. The UE doesn’t know sub-frame A is over-ridden, and still thinks sub-frame A is an SPS sub-frame, and concludes that sub-frame B is scheduled to itself. The UE feedback is then (NAK, NAK, ACK), but the eNodeB expects to feedback (NAK, ACK, NAK). 

[image: image2.emf]UL DAI=3,

DL DAI=0,

SPS sub-frame

overridden by

dynamic grant

UL DAI=3,

DL DAI =1,

dynamic grant

UL DAI=3,

DL DAI =2,

dynamic grant

PDCCH is missed by

UE

PDCCH is missed by

UE

PDCCH and PDSCH

are received

correctly

A B D C


Figure 2: the overridden sub-frame is counted in DL DAI, and the ACK/NAK corresponding to the SPS sub-frame is mapped into the first of the K ACK/NAK bits
If the ACK/NAK corresponding to the SPS sub-frame is mapped into the last of the K ACK/NAK bits (ACK/NAK for DL DAI =0 is mapped into the first of the K ACK/NAK bits and ACK/NAK for DL DAI =1 is mapped into the second of the K ACK/NAK bits and so on), then UE will feedback (NAK, ACK, NAK). It is same as what eNodeB expects.  Alternatively, the over-ridden subframe may be not counted in the DAI. However, since it will already contain a DAI field, the field would have to be set to some value and then ignored.
Table 2 lists four type of combinations, as follows:
Table 2: Error case when assigned PDSCH sub-frames include overridden sub-frame
	
	the ACK/NAK corresponding to the SPS sub-frame is mapped into the first of the K ACK/NAK bits
	the ACK/NAK corresponding to the SPS sub-frame is mapped into the last of the K ACK/NAK bits

	The overridden sub-frame is not counted in DL DAI
	No error
	No error

	The overridden sub-frame is counted in DL DAI
	error
	No error


3 Conclusion
For ACK/NAK multiplexing on PUSCH transmission, to avoid error cases the way forward should be modified to include:
· The PDSCH subframes with ACK/NAK feedback include (SPS, dynamic DL grants, SPS overridden by dynamic grant, and SPS activation by dynamic grant)
· All the PDSCH subframes with dynamic grants are non-SPS subframe

· The ACK/NAK corresponding to the SPS sub-frame is mapped into the last of the K ACK/NAK bits, the ACK/NAK for DL DAI =0 is mapped into the first of the K ACK/NAK bits and the ACK/NAK for DL DAI =1 is mapped into the second of the K ACK/NAK bits and so on.
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5 Appendix
Way forward on remaining issues for TDD ACK/NAK transmission on PUSCH
· For ACK/NAK multiplexing on PUSCH transmission
· 2-bits DAI in UL grant re-using the UL index bits to indicate the number of assigned PDSCH subframes (including dynamic DL grants, SPS, and SPS overridden by dynamic grant)
· DAI is not used in UL grant for 1DL:3UL as it is used for UL TTI index

· DAI in dynamic DL grant of non-SPS subframe shall be pure counter in ACK/NAK multiplexing mode excluding SPS subframe

· K: Number of ACK/NAK feedback bits transmitted on PUSCH

· equals to value of 2-bit DAI in UL grant, when UL grant is available, or

· equals to the number of associated DL subframes for a given UL/DL configuration, when UL grant is un-available and at least one assigned DL subframe has been detected

· The ACK/NAK for SPS-subframe is mapped into the first of the K ACK/NAK bits, followed by the ACK/NAK for non-SPS subframe in the order of DL DAI, e.g. ACK/NAK for DL DAI =0 is mapped right after ACK/NAK for SPS-subframe

· Map DTX and NAK into same state
· ACK/NAK Bundling on PUSCH transmission
· When UL grant is unavailable, 
· Select a scrambling code based on the number of received DL PDSCH subframes

· Scramble the bundled ACK/NAK bits if UE does not detect any missed DL assignment; OR

· Scramble the bundled NAK(s) if UE detects at least one missed DL assignment
· When UL grant is available, 

· Select a scrambling code based on the number of received DL PDSCH subframes and scramble the bundled ACK/NAK bits if UE does not detect missed DL assignment; OR

· Select the anti-scrambling code and scramble the bundled NAK if UE detects at least one missed DL assignment

· The anti-scrambling code is given by e.g. X+2 mod 4, where X is given by the value of DAI in UL grant

· DAI in UL grant indicates the total number of assigned PDSCH subframes



























































































































_1286890333.vsd

_1286363469.vsd

