3GPP TSG-RAN WG1 Meeting #58bis
R1-093861
Miyazaki, Japan, Oct 12 – 16, 2009
Source:
NEC Group
Title:
PHICH carrier linkage for carrier aggregation
Agenda Item:
7.2.2.2
Document for:
Discussion and Decision
1 Introduction
In RAN1#56bis, some contributions were discussed about the PHICH carrier linkage for LTE-A for multi-carrier operation [1]
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[2]. There was a common view that LTE Rel-8 principle should be reused as much as possible.  
The PHICH carrier linkage issue is also related to the issue of DL control signalling on PDCCH. Recent agreement in RAN1#58 [7] states that:
· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field
· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats
· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field
· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field

· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decodings is desirable
In addition, it was agreed that the presence or not of the carrier indicator field is semi-statically enabled [8].
The PDCCH carrier indicator is understood to be beneficial mainly as a tool for advanced intercell interference management for heterogeneous networks, although other benefits such as multi-carrier diversity for PDCCH scheduling may also be significant [18]. 
With the existence of PDCCH carrier indicator field, the PHICH carrier linkage issue requires further consideration. In this contribution, we present our views on the PHICH carrier linkage issues for LTE-A. For simplicity, we assume that the configuration of PDCCH carrier indicator field is flexible, i.e. the uplink grant for PUSCH transmission on a particular UL component carrier (CC) can be transmitted on any one of the DL CCs aggregated.

2 PHICH carrier linkage for carrier aggregation
This section outlines the basic principles that should be considered in the issue of PHICH carrier linkage when there is carrier aggregation.
It has been agreed for LTE-A that a UE may simultaneously receive or transmit on one or multiple CCs depending on its capability [9]. A first question of interest is whether the same ACK/NACK for a PUSCH transmission should be transmitted on more than one DL CCs that the UE is monitoring. We share similar view with the majority of companies [1]
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[2]
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[4]
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[5] that the ACK/NAK for a PUSCH transmission for a UE should only be transmitted on one of the aggregated DL CCs.
The question is then on which DL CC should the PHICH be transmitted on when there are more than one DL CCs available. To answer this question, one has to take into account the different carrier aggregation scenarios as shown below:
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Figure 1: Symmetric carrier aggregation
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Figure 2: Asymmetric DL/UL carrier aggregation (#DL CCs > #UL CCs)

[image: image4.emf]DL CC #0

UL CC #0 UL CC #1

Cell-specific DL/UL CC 

pairing

[image: image5.emf]DL CC #0 DL CC #1

UL CC #0 UL CC #1

Cell-specific DL/UL CC 

pairing

UE-specific carrier 

aggregation


(a) Cell-specific



(b) UE specific
Figure 3: Asymmetric DL/UL carrier aggregation (#DL CCs < #UL CCs)

As mentioned, the issue is also related to the issue of PDCCH-to-PUSCH linkage currently being considered in RAN1. Examples of the effect of the PDCCH carrier indicator are illustrated in Figure 4 (a) and (b) for the case without the PDCCH carrier indicator and with the PDCCH carrier indicator, respectively.
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Figure 4: PDCCH-to-PUSCH linkage 
The PDCCH carrier indicator field is useful for the following reasons:

· Different CC may experience different coverage or interference characteristics [10] as is the case for heterogeneous networks as illustrated in Figure 5 where CC#0 of the macrocell has smaller coverage compared to the CC#1 of the macrocell which has a large coverage. On the other hand, both CC#0 and CC#1 of the femto cell have the same coverage. If a DL CC is experiencing high interference, PDCCH coverage and performance degradation can be avoided if the UL grant can be scheduled in another DL CC with low-interference. For example, DL CC#1 of the femto cell in Figure 5 is experiencing high interference from the macrocell which negatively impacts the control channel reception on DL CC#1 of UE 0. Likewise, PHICH performance would be degraded if it were to be transmitted on the DL CC with high interference. Hence, ability to schedule PHICH transmission in a CC with low interference is desired.

· Better PDCCH coverage and lower PDCCH blocking probability due to multiple CC diversity. The flexibility of PHICH transmission is not important in this case.
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Figure 5: Heterogeneous network

In the next section, we analyse solutions that have been proposed by various companies and present our preferred solution.

3 Solutions

There are two main options considered in RAN1 so far to solve the problem of PHICH carrier linkage:

Option 1. DL CC for PHICH transmission is the same as that used for the transmission of the UL grant. This is mentioned as the preferred solution in [6]
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[4][12][16]
Option 2. DL CC for PHICH transmission is linked to the UL CC used for PUSCH transmission in a cell-specific manner. Examples of cell-specific linkage include

a. Linkage according to the default TX-RX separation as defined in Rel-8 (Section 5.7.4 of [13]) [5]
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[17].

b. Linkage according to the ul-CarrierFreq parameter in System Information Block 2 (SIB2) (already present in LTE Rel-8 as specified in Sec 6.3.1 in [15]) [11]
c. Linkage via configuration of a “primary” DL CC for each UL CC [14].

Next, we analyse the effectiveness of Option 1 and Option 2.
3.1 Option 1

Pros:

The advantage of Option 1 over Option 2 is the PHICH scheduling flexibility that Option 1 offers. In particular, Option 1 can address the issue of PHICH performance degradation due to the high interference experienced by the original DL CC because the UL grant as well as the corresponding PHICH would be transmitted on another DL CC with less interference. The ability to “protect” the control channels from high interference can expand the coverage of the smaller cells with low-powered eNodeB such as the femto cell in Figure 5. This enables the smaller cells to increase its load and improve the overall network throughput.

Cons:
1. It may not always be beneficial to force the PHICH transmission to be on the DL CC where the UL grant was transmitted in a heterogeneous network. For example, consider the macro-cell in Figure 5. In order to expand the coverage of the femto cell, the eNodeB of the macro-cell has sacrificed the coverage of CC#0 by reducing the power allocated for CC#0. As a result, there may be more PDCCH capacity available for CC#0 since there are fewer UEs within the coverage of CC#0. Furthermore, the UEs within the CC#0 coverage would typically be in good channel conditions due to their close proximity to the eNodeB and thus will normally require small aggregation levels for their PDCCHs. On the other hand, the situation for CC#1 for the macro-cell is entirely opposite and consequently CC#1 can be PDCCH-capacity limited. The net result is PDCCH load imbalance between CC#0 and CC#1. The PDCCH carrier indicator can resolve this PDCCH load imbalance problem by scheduling the PDCCHs for the UEs within the CC#0 coverage on CC#0 only (e.g. UE 2), reserving the control region of CC#1 to UEs beyond the coverage of CC#0 (e.g. UE 1). However, this can create the problem of PHICH load imbalance as more PHICH resources and power would be needed on CC#0 compared to CC#1. Therefore, Option 2 is considered the better design in this case.

2. Another potential issue with Option 1 is that the total PHICH resources in each CC are semi-statically configured (via PBCH) and hence the PHICH capacity cannot be adjusted dynamically. If PDCCH and the corresponding PHICH can be scheduled on any DL CC dynamically, significant amount of PHICH resources may need to be provisioned for each CC in order to prevent PHICH blocking (PHICH cannot be scheduled due to the lack of resources). However, the utilization of the PHICH resources could be low since only a relatively small number of PHICH resources compared to the total PHICH resources available will be used at any one time. This issue has been raised in [5]. 

3. The third potential issue with Option 1 is when there are two UL grants for two different UEs transmitted on the same DL CC, granting PUSCH transmissions on two separate UL CCs. PHICH resource collision may occur if the lowest of UL Physical Resource Block (PRB) indices and the Demodulation Reference Signal (DM RS) cyclic shifts for each UL CC coincide [2]
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[11]. Although, this collision can be avoided via assignment of different DM RS cyclic shift in the UL grants [6], it also means that for each UL CC, one fewer UE can be spatially multiplexed in the UL for UL MU-MIMO operation (In LTE Rel-8, signals from two UEs sharing the same UL RBs can be made orthogonal through assignment of different DM RS cyclic shift to each UE). Note that this problem actually exists for both Option 1 and Option 2 if there is asymmetric carrier aggregation where there are more UL CCs compared to DL CCs. However, this problem is unique to Option 1 in the case of symmetric carrier aggregation with multiple UL grants on a DL CC. We note that solutions to this problem have been proposed in [2]
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[3].
3.2 Option 2

Pros:
1. The advantage of PHICH carrier linkage in a cell-specific manner is that the amount of PHICH resources or the PHICH capacity for each CC can be planned by the network more easily as the PHICH capacity for a CC is determined by the bandwidth of the associated UL CC. PHICH capacity configuration can remain semi-static (or static) as in Rel-8.

2. Cell-specific PHICH carrier linkage may actually be sufficient design for most of the deployment scenarios or operations for LTE-Advanced, e.g. symmetric carrier aggregation with each CC almost identical with coverage or interference characteristics. In this case, there is no strong motivation for PHICH carrier linkage based on the DL CC used for the UL grant (Option 1), although the PDCCH carrier indicator field of the UL grant may still be beneficial in exploiting multi-CC diversity to reduce PDCCH blocking probability.

3. See Con #2 for Option 1

Cons:
Option 2 is not effective when PHICH needs to be protected from DL CC with high interference as in the heterogeneous network scenario described previously.
3.3 Proposed solution
In this section, we suggest a solution that combines the advantages of Option 1 and Option 2 by introducing a single bit, called PHICH carrier indicator bit, in the UL grant or in the higher layer signaling (RRC signaling) to indicate if the PHICH carrier linkage should be based on the DL CC used for the UL grant (referred to as dynamic linkage hereafter) or the cell-specific UL/DL CC linkage (referred to as cell-specific linkage hereafter). If the single bit is introduced in DCI formats for UL grant, it only needs to exist in DCI formats with carrier indicator field (see Figure 6 for example), this ensures that the total number of blind decoding attempts required to be performed by the UE is not affected by the introduction of the PHICH carrier indicator bit.
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Figure 6: The PHICH carrier indicator bit if it is transmitted in PDCCH
The operation using the PHICH carrier indicator bit can be as follows. The default PHICH carrier linkage can be the cell-specific linkage. For example, the cell-specific linkage can be based on the cell-specific UL/DL CC pairing (according to the default TX-RX separation or the ul-CarrierFreq parameter in SIB2) or be based on high-layer signaling, broadcasted to all UEs in the cell.

The eNodeB shall set the PHICH carrier linkage to be dynamic or cell-specific according to its need. If  the eNodeB sends an UL grant with the PDCCH carrier indicator field and the PHICH carrier indicator bit indicating cell-specific linkage, the UE, upon detection of the UL grant and the PHICH carrier indicator bit, shall assume the DL CC for the PHICH is determined by cell-specific linkage with the UL CC used for the corresponding PUSCH transmission.  

Similarly, if the eNodeB uses the PHICH carrier indicator bit to indicate the dynamic linkage to the UE, then the UE assumes that the PHICH is to be transmitted on the DL CC that was used for transmission of the UL grant. 

As an example, in reference to Figure 7, the UL grant for UL CC #1 is transmitted in DL CC#0. If the PHICH carrier indicator bit is set to indicate the dynamic linkage, then the corresponding PHICH is to be transmitted on DL CC#0; else if the cell-specific linkage is indicated, then the corresponding PHICH is to be transmitted on DL CC#1.
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Figure 7: PHICH dynamic linkage and cell-specific linkage

4 Conclusions
In this contribution, we examined the PHICH carrier linkage issues for carrier aggregation by considering the possibility of PDCCH carrier indicator and the recent agreement in RAN2 [10] to consider the carrier aggregation of CCs with different interference characteristics which may be important for deployment scenarios such as heterogeneous networks and inter-band carrier aggregation.

First, we proposed to agree that the ACK/NAK for a PUSCH transmission for a UE should only be transmitted on one of the aggregated DL CCs.
We then analysed the advantages and the disadvantages of two options that have been proposed in the past to determine the DL/UL CC linkage for PHICH (linkage via DL CC for UL grant and cell-specific linkage).

Finally, we proposed a solution that can exploit the advantages of both solutions. The solution introduces a single indicator bit in the UL grant or in the higher layer signaling (RRC signaling) to indicate if the PHICH carrier linkage should be based on the DL CC used for the UL grant (dynamic linkage) or the cell-specific UL/DL CC linkage (cell-specific linkage).
The advantages and disadvantages of the solutions considered are summarised in the table below.

Table 4‑1: Summary of advantages and disadvantages of PHICH carrier linkage solutions

	
	DL CC for UL grant (Option 1)
	Cell-specific linkage (Option 2)
	1-bit PHICH CI (Proposed solution)

	PHICH protection for heterogeneous networks
	Yes
	No
	Yes

	Effective PHICH load balancing
	No
	Yes
	Yes

	Efficient PHICH resource utilisation (assuming semi-static PHICH configuration as in Rel-8 and dynamic PDCCH cross-carrier indication) 
	No
	Yes
	Yes

	PHICH resource collision avoidance problem when there are multiple UL grants from a DL CC 
	Most affected
	Affected for asymmetric carrier aggregation with more UL CCs than DL CCs
	Depending on the PHICH carrier indication value
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