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1 Introduction

The operation of an FDD system with CA resembles the one of a Rel.8 TDD system in several aspects including that the UE may need to convey HARQ-ACK in the PUSCH associated with a PDCCH transmitted in a different cell (different DL sub-frame in Rel.8 TDD) than the PDCCH(s) scheduling the PDSCH(s) associated with the HARQ-ACK.

Moreover, the operation of a TDD system with CA can rely on the UL DAI IE included in the PDCCH scheduling PUSCH. Therefore, the UL DAI functionality with CA should provide the functionality of Rel.8 (in case of single-cell scheduling) while also accounting for PDSCH received in both multiple cells and multiple DL sub-frames.    

This contribution is a revision of R1-110077 and considers the use of a UL DAI for FDD and TDD systems with CA. 
2 DAI in UL Scheduling Assignments for CA and FDD
In Rel-8 FDD, the same sub-frame carries the transmission of the PDCCH scheduling PDSCH (DL SA) and of the PDCCH scheduling the PUSCH (UL SG) where the HARQ-ACK in response to the PDSCH reception is multiplexed. For this reason, it was not deemed necessary to have an UL DAI to indicate whether the UE should include HARQ-ACK in the PUSCH because when a UE misses the DL SA it is also highly likely (in practice) to miss the UL SG in the same sub-frame of the same cell (hence, DTX is conditioned on the DL SA miss and the UL SG reception which has a low combined probability). 

The above operational condition is not applicable with CA as an UL SG may be transmitted in a cell without DL SA (hence, a correlation between a DL SA miss and an UL SG miss may not even exist). This is exactly analogous to Rel-8 TDD operation where a UL DAI IE is included in UL SGs to account, for example, for the event that an UL SG is received in the last sub-frame of the bundling window, a DL SA in the last sub-frame in the bundling window does not exist, and one or more DL SAs in previous sub-frames in the bundling window may be missed. In fact, as the channel correlation among cells is typically much smaller than among consecutive sub-frames of the same cell (this is the reason for supporting time-domain bundling instead of cell-domain bundling for DL CA), the requirement to include a UL DAI IE in the UL SGs with CA is substantially stronger than the one in Rel.8 TDD.
Since for CA with FDD the HARQ-ACK payload is semi-statically determined based on the number of configured cells and the configured transmission mode (TM) per cell, its indication by the UL DAI is not needed. Therefore, a 1-bit UL DAI indicating whether the UE should include or not HARQ-ACK in its PUSCH is sufficient.
Proposal 1: For CA in FDD, a 1-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate whether the UE should multiplex HARQ-ACK in the PUSCH. 

3 DAI in UL Scheduling Assignments for CA and TDD
For a TDD system with CA, the Rel.8 UL DAI functionality is no longer applicable as the UE may receive PDSCH in multiple cells (in multiple sub-frames) but transmit PUSCH in a single cell. Therefore, assuming that the 2-bit UL DAI IE is maintained in the DCI formats for PDSCH scheduling in TDD, the Rel.8 UL DAI functionality where the number of DL SAs is indicated to the UE cannot be preserved. 
A first method is to use the UL DAI to indicate the maximum number of PDCCH transmitted to the UE in any of the configured DL cells and the same number of PDCCH is assumed for all configured DL cells [1]. This is a direct extension of the Rel.8 UL DAI operation (and the Rel.8 functionality is maintained for single-cell operation). The HARQ-ACK payload 
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 in the PUSCH is determined prior to Reed-Muller coding and (SPS PDSCH in the Pcell can be accounted as in Rel.8)
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where 
[image: image5.wmf]UL

DAI

V

 is the value of the UL DAI (interpreted modulo 4, as in Rel.8), 
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 is the number of configured cells, 
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 is the number of configured cells with configured TM enabling the reception of 2 TBs, and 
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 is the maximum number of TBs the UE is configured to receive in cell 
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. The parameters for the determination of the number of coded symbols 

for HARQ-ACK multiplexing in the PUSCH are as defined in [2]. The ordering of the HARQ-ACK bits for the respective PDSCH in each cell is determined using the DL DAI as in Rel.8 [3]. In case HARQ-ACK spatial-domain bundling needs to apply, it is assumed that 
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 is reduced to 20 bits. However, this is only intended to provide a reference for the HARQ-ACK payload after spatial-domain bundling and the conclusions of this contribution do not depend on the exact spatial-domain bundling method (for example, spatial-domain bundling may be performed for all applicable DL cells and DL sub-frames – the spatial-domain bundling method has not yet been determined).
A second method is to always assume the maximum HARQ-ACK payload and use the UL DAI to scale the number of REs used for HARQ-ACK multiplexing in the PUSCH [4]. Although [4] indicates that the maximum HARQ-ACK payload is determined based in the number of configured DL cells and the configured TM per cell, this seems incomplete and the bundling window size, 
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where 
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 is the UL DAI value. The Table for the UL DAI values in [4] needs to also include the 0 value to account for the case that no HARQ-ACK needs to be multiplexed in the PUSCH. This is included in Table 1 where the assumed relation between the 
 value and the actual HARQ-ACK payload is also provided. The values of 
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 could be individually designed for each DL CA realization (number of configured cells, configured TM per cell, bundling window size) but this is introduces more specification/testing complexity without significant benefits.
Table 1: Mapping of the UL DAI IE to 

.

	UL DAI
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	Relative HARQ-ACK Payload Compared to 



	(0, 0)
	0
	0

	(0, 1)
	1/3
	(0, 1/3]

	(1, 0)
	2/3
	(1/3, 2/3]

	(1, 1)
	1
	(2/3, 1]


Comparing the first and second methods, the following can be observed:
a) As the second method always considers the maximum HARQ-ACK payload, spatial-domain bundling may be performed even when it is not necessary leading to DL throughput loss [5]. For example, as UEs with DL CA are expected to have favorable DL channel conditions, and therefore be configured DL MIMO to achieve high data rates, the second method will require spatial-domain bundling even for as few as 3 configured DL cells (for a bundling window size of 4 sub-frames).

b) The first method maintains the Rel.8 definition of the UL DAI for single cell operation and it is the generalization of the Rel.8 functionality to DL CA. Therefore, the UE/eNodeB functionality is the same regardless of number of configured cells. The second method requires different functionality for single-cell and multi-cell operation. 
c) For both methods, if the cell selected for HARQ-ACK multiplexing has a non-adaptive PUSCH transmission (or an SPS one for the Pcell) then either of the following may apply: 

· The UL DAI in PDCCHs scheduling PUSCHs can be ignored and the HARQ-ACK payload and overhead can be assumed to be the maximum ones (to avoid error cases of missed PDCCH scheduling PUSCH, if any). Otherwise, in order to reduce the average HARQ-ACK overhead, the PUSCH selected for HARQ-ACK (and all UCI) multiplexing should be restricted to be among the ones scheduled by PDCCH (an existing decision for choosing the PUSCH in the Pcell also in case of non-adaptive/SPS transmissions needs to be revised). 

· The DL DAI can be used to determine the HARQ-ACK payload [1].
Considering the number of required coded symbols for HARQ-ACK multiplexing in the PUSCH for the first and second methods, what needs to be compared are the factors of 
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(second method) as the remaining parameters are common. Table 2 and Table 3 show some indicative comparisons for combinations of the number of PDSCH transmitted to a UE in each cell over the bundling window assuming SIMO TM in Table 2 and SU-MIMO TM in Table 3. As all cells are assumed to have the same TM, permutations of the same numbers of PDSCH for different cells are omitted for simplicity as they lead to the same result. Also, the sub-frame in the bundling window where the eNB transmits PDSCH to the UE is not relevant.
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Table 3: Values for 
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From the comparisons in Table 2, it is observed that either method 1 or method 2 may result to lower HARQ-ACK overhead (highlighted entries), depending on the scheduling realization, and the differences are not significant. From the comparisons in Table 3, it is observed that method 2 always results to HARQ-ACK spatial-domain bundling which in most cases is unnecessary (highlighted entries). Method 1 may also create unnecessary HARQ-ACK spatial domain bundling but this happens much less frequently than it does for method 2. Therefore, in case SU-MIMO is configured for PDSCH transmissions, as it is likely for UEs with DL CA, the DL throughput loss (due to unnecessary spatial-domain HARQ-ACK bundling) will be larger with method 2. In terms of HARQ-ACK overhead, the differences are again small and dependent on the scheduling realization even when method applies unnecessary spatial-domain HARQ-ACK bundling. 
In summary, both methods can reduce the average HARQ-ACK overhead well below the one resulting from always assuming the maximum payload of 

bits. The maximum HARQ-ACK overhead is the same for both methods. The main advantage of method 1 is that it more frequently avoids unnecessary spatial-domain HARQ-ACK bundling, thereby avoiding DL throughput degradation. Also, method 1 maintains the same definition for the UL DAI as in Rel.8 for single-cell operation and applies the same principle for multi-cell operation. Based on the above, method 1 is preferred.  

Proposal 2: For CA in TDD, a 2-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate the maximum number of PDSCH in each configured cell and for dynamically scheduled PDSCH (SPS PDSCH can be separately included), the HARQ-ACK payload is determined as 
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4 Conclusions

This contribution considered the requirements and functionality of the UL DAI for FDD and TDD with CA and proposes the following: 

Proposal 1: For CA in FDD, a 1-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate whether the UE should multiplex HARQ-ACK in the PUSCH. 
Proposal 2: For CA in TDD, a 2-bit DAI IE is included in the PDCCH scheduling PUSCH to indicate the maximum number of PDSCH in each configured cell and for dynamically scheduled PDSCH (SPS PDSCH can be separately included), the HARQ-ACK payload is determined as 
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