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1. Introduction
This document is a resubmission of an untreated document from RAN WG1 #50bis [7].

There are three possible methods of signaling the downlink ACK/NACK for uplink transmission: explicitly sending the ACK/NACK index (AI) with the DL L1/L2 control signaling; implicitly mapping the AI to the control channel of the uplink grant; or implicitly mapping the AI to the resource blocks (RBs) used for uplink transmission [1].
All of these three methods have some disadvantages. Explicit signaling results in a large signaling overhead. Implicitly mapping the AI to the RBs causes significant restrictions in MU-MIMO scheduling. To overcome the restrictions of the RB mapping method,, some complex methods that introduce additional signaling and combine CCE mapping and RB mapping have been proposed [2]. RB mapping also requires more ACK/NACK resources to be allocated than the control channel mapping due to the fact that there are more RBs than control channel elements (CCEs).

Mapping the AI to the control channel is a simple method and is transparent for MU-MIMO. That is why it was agreed to use control channel mapping for indicating the AI for downlink transmission.  Using the control channel mapping to implicitly signal the ACK/NACK index for uplink transmission, however, might cause some physical downlink control channels (PDCCHs) to be “blocked” due to the non-adaptive HARQ used in uplink transmission.

In this contribution, we propose to use control channel mapping for downlink ACK/NACK indication. We first show why some PDCCHs are blocked when control channel mapping is used, and then introduce a technique that significantly reduces the detrimental effects of this blocking condition. This technique is based on the idea of using UE-specific mapping proposed in [3].

When the mapping between the control channel and the AI is the same for all UEs, then the blocked PDCCHs are the same as well, i.e. these PDCCHs cannot be used by the NodeB to send control data to any UE. This sometimes might result in severe restriction in the CCE utilization. With the proposed method, however, the PDCCHs blocked become different for each UE giving the NodeB significantly improved CCE utilization capability.

2. Control Channel Mapping
A PDCCH might consist of 1, 2, 4, or 8 CCEs [4-5]. A UE monitors a subset of all of the CCEs and blindly detects the control channel that carries information intended for it. We assume that the monitoring set consists of 16 CCES and given a control channel, the AI is mapped to the first CCE of that control channel. With 16 CCEs, all of the possible control channel candidates can be listed as illustrated in Figure 1 using a tree like structure [4]. We can see that in this case the total number of control channel candidates is 30. 16 of them consist of a single CCE (denoted with grey); 8 of them consist of two CCEs (denoted with green); 4 of them consist of 4 CCEs (denoted with orange); and 2 of them consist of 8 CCEs (denoted with blue).
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Figure 1 PDCCH candidates when the number of CCEs is 16

Initially, the NodeB sends an uplink grant to the UE in one of the control channels. As an example, let us assume that this channel is PDCCH # 17 from Figure 1. The UE, after detecting the control channel, reads the control data and starts uplink data transmission.  The first CCE of PDCCH # 17 is the CCE 1; therefore the NodeB sends the acknowledgement information to the UE on AI 1. If the first uplink transmission was not successful, the UE gets a NACK on AI 1 and starts a retransmission without waiting for new control data due to the non-adaptive HARQ used in the uplink. The AI 1 is reserved for UE 1 until the transmission is successfully completed and the NodeB cannot send acknowledgment information to another UE on AI 1. This means that the control channels whose first CCE is CCE 1, i.e. PDCCH # 1, PDCCH # 17, PDCCH # 25, and PDCCH # 29 cannot be used by the NodeB to send control data to the other UEs in order to avoid an ACK/NACK index collision. This means that these control channels are blocked and cannot be assigned to any other UE. We now analyze how these blocked channels might affect the performance and then present a possible solution.

2.1. Structure of the Control Channel Mapping
In the control channel mapping method, all UEs are assumed to have the same mapping between the control channel and the ACK/NACK index as shown in Table 1. For a given UE, the ACK/NACK index is equal to the first CCE of the PDCCH used for the uplink grant.
Table 1 Mapping between the control channel and the ACK/NACK index
	First CCE of the PDCCH
	ACK/NACK index used for all UEs 

	CCE 1
	AI 1

	CCE 2
	AI 2

	CCE 3
	AI 3

	CCE 4
	AI 4

	CCE 5
	AI 5

	CCE 6
	AI 6

	CCE 7
	AI 7

	CCE 8
	AI 8

	CCE 9
	AI 9

	CCE 10
	AI 10

	CCE 11
	AI 11

	CCE 12
	AI 12

	CCE 13
	AI 13

	CCE 14
	AI 14

	CCE 15
	AI 15

	CCE 16
	AI 16


Now, let us try to see how various control channels might be blocked when the mapping is the same for all UEs. Figure 2 illustrates the sets of control channels that are blocked if any of the available CCEs are used as the first CCE in a control channel. The maximum number of users that can be supported per monitoring set in a subframe is 16 with 16 CCEs, but in reality the number of users would be much smaller than this number as some UEs require more than one CCE to receive the control data [5]. The PDCCHs denoted with yellow from (a)-(h) are blocked if their first CCE is 1-8, and the PDCCHs denoted with cyan from (a)-(h) are blocked if their first CCE is 9-16. Notice that the most severe blocks occur when the first CCE is either 1 or 9.

Let us consider two different scenarios: We assume that two of the UEs get their initial uplink grants in PDCCH # 29 (Figure 2 (a), yellow) and PDCCH # 21 (Figure 2 (a), cyan), respectively. If both of these UEs’ initial transmissions are unsuccessful, then all of the channels denoted with yellow and cyan in Figure 2 (a) get blocked and cannot be used. This might impose an important restriction over the NodeB in utilizing the CCEs to form control channels for the other UEs. On the other hand, let us assume two UEs whose control channels were PDCCH # 2 (Figure 2 (b), yellow) and PDCCH # 24 (Figure 2 (g), cyan) were unsuccessful. This might not result in a significant restriction because only three control channel (PDCCH #2, #15, #24) would be blocked. If the mapping between the control channel and the ACK/NACK index is the same for all UEs, then the blocked channels are also the same for all users. The blocked channels cannot be used to transmit control data to any UE until they are freed. If the block is severe and many PDCCHs are affected, then the NodeB might not be able to schedule some users for transmission due to the poor CCE utilization.
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Figure 2 Possible sets of  blocked PDCCHs when the first CCE is 1-8 (a-h, denoted with yellow) or when the first CCE is 9-16 (a-h, denoted with cyan)
3. Control Channel Mapping by the Shift Method
In this section, we propose an alternative method to map the ACK/NACK index to the control channel. In the previous section, we have seen that the same channels are blocked for all UEs and this might cause a problem if the blocking is severe. To overcome this problem, we introduce a method in which each UE experiences a different set of blocked PDCCHs from those illustrated in Figure 2. In the proposed method, each UE computes its CCE to AI mapping by applying a shift which is determined by a given shift parameter as shown in Table 2. In this table, mappings only up to 8 shifts are shown, but the rest of the mappings for shifts up to 15 can be similarly written. We can see that due to the UE specific shift parameter, contrary to the original mapping, the mapping is now different for each UE. Although this method does not completely prevent the blocking problem from occurring, it reduces its effects significantly. In this case, a control channel blocked due to a retransmission of a UE results in different control channels of the other UEs getting blocked. This gives the NodeB more freedom to efficiently utilize the available CCEs. This will be explained with an example.
Table 2 CCE to AI index mapping by the shifting method

	First CCE of the PDCCH
	UE 1 (Shift 0)
	UE 2 (Shift 1)
	UE 3 (Shift 2)
	UE 4 (Shift 3) …
	UE 9 (Shift 8)

	CCE 1
	AI 1
	AI 16
	AI 15
	AI 14
	AI 9

	CCE 2
	AI 2
	AI 1
	AI 16
	AI 15
	AI 10

	CCE 3
	AI 3
	AI 2
	AI 1
	AI 16
	AI 11

	CCE 4
	AI 4
	AI 3
	AI 2
	AI 1
	AI 12

	CCE 5
	AI 5
	AI 4
	AI 3
	AI 2
	AI 13

	CCE 6
	AI 6
	AI 5
	AI 4
	AI 3
	AI 14

	CCE 7
	AI 7
	AI 6
	AI 5
	AI 4
	AI 15

	CCE 8
	AI 8
	AI 7
	AI 6
	AI 5
	AI 16

	CCE 9
	AI 9
	AI 8
	AI 7
	AI 6
	AI 1

	CCE 10
	AI 10
	AI 9
	AI 8
	AI 7
	AI 2

	CCE 11
	AI 11
	AI 10
	AI 9
	AI 8
	AI 3

	CCE 12
	AI 12
	AI 11
	AI 10
	AI 9
	AI 4

	CCE 13
	AI 13
	AI 12
	AI 11
	AI 10
	AI 5

	CCE 14
	AI 14
	AI 13
	AI 12
	AI 11
	AI 6

	CCE 15
	AI 15
	AI 14
	AI 13
	AI 12
	AI 7

	CCE 16
	AI 16
	AI 15
	AI 14
	AI 13
	AI 8


In Figure 2, we saw that there are 16 possible sets of PDCCHs that can be blocked (those are denoted with yellow and cyan) depending on the first CCE of a control channel and that a blocked control channel set is the same for all UEs. With the proposed method, however, because of the different shift parameters of the active UEs, each UE experiences different  blocked control channels.
Now, let us consider an example to see how the proposed mapping method works. We assume that the initial uplink transmission of a UE which received its control data in a PDCCH with CCE 1 as the first CCE (with shift parameter 0) was unsuccessful. Now, because AI 1 is reserved for this UE, the NodeB cannot send control data to the other UEs in the PDCCHs whose first CCEs are mapped to AI 1. These CCEs are denoted with brown in Table 1 for shift parameters up to 8. For example, the UE whose shift parameters is 8, i.e. AI 1 is mapped to CCE 9, cannot be allocated the control channels denoted with cyan in Figure 2 (a). 
All of the possible PDCCH sets that might be blocked are illustrated in Figure 3 for shift parameters 1-15. The blocked PDCCHs for the UEs with shift parameters 1-8 are denoted in (a)-(h) with yellow and with shift parameters 9-15 are denoted by cyan in (a)-(g). Note that each of these blocked control channel sets belong to a different UE. For example, PDCCH # 2 (Figure 3-a) is only blocked for the UE with shift parameter 1, and PDCCHs #15 and  #24 (Figure 3-f) are only blocked for the UE with shift parameter 14. In this method at most one UE experiences severe blocking, if at all, depending on the shift parameter. For example, only the UE 9 with shift parameter 8 experiences the blocked PDCCHs denoted with yellow in Figure 3-h.
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Figure 3 Possible sets of  blocked PDCCHs when the shift parameter is 1-8 (a-h, denoted with yellow) or when the shift parameter is 9-15 (a-g, denoted with cyan) where the transmission of a UE with shift parameter 0 whose AI is mapped to CCE 1 was not successful
In the original method, these PDCCHs would have been experienced as blocked by all of the UEs. For the UE 9, the rest of the PDCCHs in Figure 2 (h) are still available. As a summary, regardless of the initial PDCCHs blocked due to an unsuccessful retransmission, each UE experiences a different set of blocked PDCCHs among all possible sets illustrated in Figure 2. This gives the NodeB a significantly improved flexibility in CCE utilization. Note that until now we assumed that the number of ACK/NACK resources is limited by the number of CCEs. If more ACK/NACK resources exist than the number of CCEs, then different groups of CCEs can be mapped to partially or completely non-overlapping AIs to reduce the PDCCH blocking.

3.1. Determining the Shift Parameter

The shift parameter is UE specific and two different methods might be used to inform a UE of this parameter.

· The shift parameter can be sent to the UE via L3 signaling.

· The shift parameter can implicitly be derived from another UE specific value. For example, 
the DM RS index for uplink control channel can be used to derive this parameter. Or, the 
sequence index and the shift value associated with the sounding reference signal can be used.
3.2. Improving the Robustness of Control Channel Mapping
With the proposed method, it would be unlikely that the NodeB cannot find CCEs to send control data to a UE. However, it is possible to introduce an uplink grant signaling mechanism to improve the robustness of the mapping method [2]. If the NodeB cannot utilize the available CCEs to send control data to a UE, it can send an uplink grant to the UE who has caused some PDCCHs to be blocked and free the blocked the PDCCHs. This type of mechanism would also be useful to free the RBs allocated to that UE and assign them to the other UEs with better channel conditions [6]. Or, the NodeB can simply choose not to schedule the UE for which it cannot utilize any CCEs at the current subframe and wait for a few subframes until the PDCCHs are freed.
4. Conclusions

In this contribution, we have proposed to implicitly signal the DL ACK/NACK index for uplink transmission by mapping the ACK/NACK index to the control channel used for the uplink grant. We have also presented a technique to mitigate the impact of PDCCH blocking. In the proposed method, each UE computes its CCE to AI mapping by applying a shift which is determined by a given shift parameter. This technique successfully mitigates the PDCCH blocking for the case where PDCCHs are different for each UE, giving the NodeB significantly improved CCE utilization capability. 
We believe that the proposed control channel mapping for downlink ACK/NACK indication provides the best solution for signaling the ACK/NACK in uplink transmission, providing low overhead, simplicity of operation and minimizes the impact of blocked PDCCHs.
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