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1. Introduction
In LTE Rel-8, SC-FDMA is adopted as the uplink multiple access technique. The main consideration of adopting this technique is its low PAPR property which would be beneficial for the terminal. In Rel-8 uplink, the terminal only supports transmission from one antenna at any one time, which means that more complicated transmit diversity schemes such as STBC cannot be used. This is also based on the assumption that only one power amplifier will be used at the UE to lower its cost. However, single antenna transmission at UE would limit the coverage and cell edge throughput gain in the uplink. 

In Rel-10, which is also called LTE-Advanced, more advanced features are considered for both downlink and uplink transmission. In the uplink, two or more transmit antennas being used simultaneously could be considered, which means more complicated schemes could be supported for both transmit diversity (TxD) and spatial multiplexing (SM) uplink transmission. For uplink transmit diversity, many techniques have been considered as candidates. However, as SC-FDMA will continue to be used as the access technique in uplink, maintaining low PAPR should be considered as an important criterion in transmit diversity selection in addition to performance. That eliminates a number of candidates with good performance such as SFBC. The other aspect which complicates transmit diversity selection in the uplink is that different channels such as PUCCH and PUSCH, or even different formats within a channel such as PUCCH could have quite different waveforms and therefore may require different transmit diversity schemes. 

At RAN1 58 meeting in Shenzhen, a way forward was agreed as follows to adopt the SORTD as transmit diversity for PUCCH format 1/1a/1b [1]:

· Multiple-resource PUCCH for 2Tx
· Rel-8 PUCCH format
· PUCCH format 1/1a/1b
· Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied
· The same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas
· Resource allocation is FFS
· PUCCH format 2/2a/2b: FFS
· Multiple-resource PUCCH for 4Tx
· 2Tx TxD is applied
· 2Tx TxD transmission is UE implementation issue
Some outstanding issues still remain and one of them is the resource allocation for such TxD scheme. In this paper, we will dedicate our focus on such remaining issues especially on  resource allocation to support SORTD for PUCCH format 1/1a/1b.
This submission is a re-submission of R1-094455
2. PUCCH transmit diversity for PUCCH format 1/1a/1b
In LTE Rel-8, single antenna transmission is supported for uplink transmission. In Rel-10 LTE-A, to improve the performance in the uplink, multiple transmit antennas (2 or 4) will be supported. That means more sophisticated schemes could be supported, which include both transmit diversity and spatial multiplexing. For transmit diversity, a number of well-known schemes have been considered which include STBC, SFBC, CDD, PVS, FSTD, etc. However, the difference between uplink and downlink transmit diversity design mainly lies in that, in addition to the performance, maintaining low PAPR of SC-FDMA should also be considered. This could limit the adoption of certain transmit diversity schemes. For example, SFBC scheme is adopted in Rel-8 as the downlink transmit diversity scheme for both PDCCH and PDSCH due to its consistent superior performance. However, such techniques may not be suitable for uplink, since it will increase the PAPR of SC-FDMA transmission.  On the other hand, as the transmission of different channels in the uplink such as PUSCH and PUCCH is quite different and even within PUCCH, different formats such as formats 1/1a/1b and 2/2a/2b are transmitted in different ways, a number of different transmit diversity schemes may need to be adopted for uplink transmission.

PUCCH format 1a/1b sends ACK/NACK for downlink transmission. As shown in Figure 1, such 1-bit or 2-bit ACK/NACK signals are modulated first and then spread by both a cyclic shifted sequence and an orthogonal sequence. The spreading with the cyclic shifted sequence is done along the frequency direction while spreading with the orthogonal sequence is done along the time direction. The obtained symbols after spreading are filled in one PRB pair and transmitted to the eNB [2]

 REF _Ref235684335 \n \h 
[3]. Such two 1-D spreadings to ACK/NACK are equivalent to a 2-D spreading by a 2-D orthogonal resource. The ACK/NACK signals transmitted from different UEs are spread by different orthogonal resources and therefore, even though they superpose each other in the air, the eNB can still separate them. For PUCCH format 1, which is scheduling request, a 1-bit signal will be spread and transmitted similar to ACK/NACK bits.
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Figure 1:  PUCCH format 1a/1b transmission
Among transmit diversity candidates for PUCCH format 1/1a/1b, a scheme called space coding transmit diversity (SCTD) or spatial orthogonal resource transmit diversity (SORTD) has been extensively studied and recognized as one of the promising candidates due to its superior performance and maintaining low PAPR. This scheme is quite straightforward as it simply applies different orthogonal resources to the same signal before transmission on each antenna.  Figure 2 shows an example of such scheme for a UE with two transmit antennas.
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Figure 2: 2-tx SORTD transmit diveristy scheme for PUCCH format 1/1a/1b

The merits of such a scheme can be summarized as follows

1. It is simple and straightforward

2. Its performance is superior and fully exploits the diversity because the signals from different antennas are orthogonal to each other

3. It maintains the low PAPR property of SC-FDMA

4. It does not require pairing of OFDM symbols like other schemes such as STBC.

The only drawback of such a scheme comes from the fact that it requires multiple orthogonal resources, one for each antenna. This may not be a significant issue if the number of transmit antennas is small like 2, but could become an issue if the number of transmit antennas is large like 4. 
Among the remaining issues, it is believed the orthogonal resource allocation is the most important one as that could directly impact the specification and signalling. In LTE Rel-8, as shown in Figure 3, the orthogonal resource index for spreading ACK/NACK transmitted using PUCCH formats 1a/1b is calculated based on the first CCE index of the PDCCH with which the corresponding PDSCH transmission is scheduled. Such linkage works well when there is one transmit antenna in the uplink as only one orthogonal resource needs to be assigned for PUCCH format 1a/1b. For LTE-A, if SORTD is adopted as the transmit diversity scheme for uplink PUCCH format 1/1a/1b, at least two orthogonal resources need to be allocated. The allocation of multiple orthogonal resources is new and needs to be carefully investigated.
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Figure 3: Linkage of CCE and orthogonal resource for PUCCH formats 1/1a/1b

3. PUCCH resource mapping for SORTD

One simple and straightforward solution to allocate orthogonal resources would be to use the similar method as used in Rel-8, which is to build a simple mapping between indices of 2-D orthogonal resources for PUCCH ACK/NACK transmission and those of CCEs in PDCCH. In the need of allocating multiple orthogonal resources, the indices of each CCE in the PDCCH could be used. As shown in Figure 4, when there are two or more CCEs in the PDCCH, the indices of some of the CCEs could be used to generate multiple orthogonal resources, which can be used for spreading the PUCCH ACK/NACK signal for each antenna. 
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Figure 4:  CCE to orthogonal resources mapping

This solution is simply an extension of what is used in Rel-8, so the impact to the specification should be minimal. No explicit signal is needed for the UE to know how to generate orthogonal resources. One outstanding issue, however, is that when the number of CCEs for the PDCCH grant is less than the number of orthogonal resources required for SORTD scheme, then how should additional orthogonal resources for PUCCH be generated. To resolve this issue, several alternative solutions could be used:

1. Alternative 1.  The eNB could always use a PDCCH candidate a number of CCEs (i.e. the aggregation level) at least equal to the number of orthogonal resources required to support SORTD transmit diversity for its PUCCH ACK/NACK transmission. For example, if the UE needs to support 2-tx transmit diversity for PUCCH, the eNB should allocate at least two CCEs in the PDCCH for the UE.  The indices of these CCEs could then be used to generate enough orthogonal resources for the UE to apply the SORTD transmit diversity scheme. In such case, once the UE is configured to support transmit diversity, it would be possible for the UE to stop performing blind decoding of the PDCCH on CCE aggregation levels which are less than the PUCCH transmit diversity antenna number configured for the UE. This approach would have the side benefit of reducing the overall number of PDCCH blind decodings that the UE would have to perform. In the situation where the encoded PDCCH bits would normally fill a number of CCEs which is less than that required by the necessary orthogonal resources for PUCCH, as shown in Figure 5, the coding rate of PDCCH could be lowered so that additional CCEs could be added to accommodate the encoded bits; this is equivalent to increasing the PDCCH aggregation level. The indices of these additional CCEs could then be used to derive the additional orthogonal resources. Such addition of extra CCEs is justifiable as normally those UEs which need to use transmit diversity would typically be located at cell edge, therefore, lowering the coding rate or increasing the PDCCH aggregation level would help with increasing the probability of successfully decoding of the PDCCH; indeed, such a higher aggregation level may already be required for satisfactory PDCCH performance for such a UE.  On the other hand, if only one CCE needs to be added to allow UE to derive two orthogonal resources for 2-tx transmit diversity, such resource increase may not bring big issue. 
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Figure 5: Adding extra CCEs for deriving additional orthogonal resources

2. Alternative 2: When the number of CCEs assigned by eNB for its PDCCH is smaller than the number of orthogonal resources required to support SORTD transmit diversity in its uplink PUCCH transmission, the UE could fall back to a lower order of transmit diversity. For example, if the UE could support 2-tx SORTD transmit diversity, but the eNB only assigns one CCE in its PDCCH, the UE could fall back to single antenna transmission. Antenna virtualization can be used by the UE to map the physical antennas to a single virtual antenna. This is implementation specific. Such fallback transmission does not require additional signalling as UE can interpret this implicitly from the number of CCEs in the PDCCH it receives.

3. Alternative 3: When the number of CCEs assigned by the eNB for a UE’s PDCCH is smaller than the number of required orthogonal resources required for SORTD, then the eNB may be able to signal the locations of other available empty (unused) CCEs within the PDCCH space for that subframe.  This situation may occur when, due to PDCCH packing/scheduling, the eNB is unable to allocate a sufficient number of adjacent CCEs to a given UE in order to provide the required number of orthogonal resources for the corresponding PUCCH transmission.  However, there may be empty CCEs available elsewhere within the PDCCH space, or else assigned CCEs which  do not require ACK/NACK themselves in PUCCH, such as those in common search space for common messages, or in UE-specific search space for uplink grants could be used. To signal PUCCH resources corresponding to such CCEs to the UE, it may be possible to use some form of “dummy” DCI (i.e. which does not refer to a specific PDSCH allocation or PUSCH grant) addressed to a UE’s C-RNTI or a shared DCI addressed to a common SORTD-RNTI that implicitly (by its location) or explicitly (by the bits contained within the DCI) provides information about available empty CCEs that may be used to derive orthogonal resources for PUCCH transmission. Alternatively, additional field can be added to the DL grant DCI to explicitly indicate the PUCCH resource index/indices to be used for sending the UL ACK/NACK on transmit antenna 2 and onwards. The detail of such signalling could be further investigated. 

For PUCCH format 1, which is used by UE as scheduling request, there is no direct link between the PUCCH resource and PDCCH CCE, therefore, to support transmit diversity using SORTD, extra PUCCH resource could be reserved and signalled through high-layer signalling. 
4. Conclusion

In this paper,  some remaining issues are discussed on PUCCH transmit diversity, mainly focusing on PUCCH resource mapping assuming SORTD is adopted as the transmit diversity scheme for PUCCH format 1/1a/1b. The proposed mapping principles are simple, straightforward and in line with that used in Rel-8.
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