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1 Introduction
This contribution contains some further information on a potential base station handing of PUCCH and PRACH to improve the uplink performance. The text proposal is intended for an informative appendix in TR 36.878 [1].
The section numbering below is symbolic (Appendix X) and the intention is to have the final section numbering being captured in chairman’s notes. Here X may transfer to a single digit or letter (e.g. Appendix 1, where X=1), to multiple digits (e.g. Appendix 1.2.3, where X=1.2.3), or to a combination thereof (e.g. Appendix A.1.2b, where X=A.1.2b).
2 Text proposal
Appendix X PRACH and PUCCH in Unidirectional SFN
This clause is informative and does not mandate any particular network implementation. The information is provided purely to show one potential solution for separating UEs with different frequency offset characteristics on uplink channels where physical resources are shared.

X.1 PUCCH allocation
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Figure X.1-1: Exemplary allocation of PUCCH format 1 and 2 for groups of UEs with different frequency offset characteristics.

To improve the PUCCH performance one may allocate the UEs in such manner that only UEs with the same frequency offset characteristics share the same physical resource(s) – see Figure X.1-1. 

For PUCCH format 1 the physical resource used on the uplink is determined by the first CCE allocated for the PDCCH four subframes earlier on the downlink.

For PUCCH format 2 the physical resource used on the uplink is determined by the cqi-PUCCH-ResourceIndex information element provided in the UE-specific CQI configuration.

The base station can allocate PDCCH in such manner that a particular physical resource is used by the UE for PUCCH format 1. Moreover the base station can configure cqi-PUCCH-ResourceIndex in such manner that a particular physical resource is used by the UE for format 2. Given that the base station has determined e.g. during random access to which group a UE shall belong, it can control the UE to transmit in PUCCH resources shared only by other UEs within the same group. With all overlapping transmissions having approximately the same frequency offset, Doppler-induced interference can be reduced.
X.2 Random access and group-based PRACH configuration


[image: image2.emf]UE eNodeB

SIB2 broadcast

(1

st

 PRACH cfg)

IDLE

Random Access

(1

st 

PRACH cfg, RAPID x)

Determine most likely 

frequency offset to 

determine most likely 

RAPID y

1

Random Access Response

(1

st 

PRACH cfg, RAPID y

1

)

If RAPID x ɇ {y

1

 ... y

n

} or UE fails to receive RAR

Determine most likely 

RAPIDs y

1

 ... y

n

Random Access

(1

st 

PRACH cfg, RAPID x)

Determine most likely 

frequency offset(s) 

besides previous offset(s)

Random Access Response

(1

st 

PRACH cfg, RAPIDs y

1

 ... y

n

)

Else (RAPID x = y

m

: m e {1 ... n})

RRC Connection Request

(TC-RNTI

m

)

Associate the UE with 

frequency offset 

hypothesis f

m

 via the 

used TC-RNTI

m

CONNECTED

While not RRC Conn Req received from UE

RRC Connection Reconfig

(2

nd

 PRACH cfg for offset f

m

)

Apply 2nd PRACH cfg

Increase n

(msg1)

(msg2)

(msg2)

(msg1)

(msg3)

RRC Connection Setup

RRC Connection Setup Complete

...


Figure X.2-1: Exemplary base station implementation of random access procedure for UEs accessing the cell from RRC_IDLE.

One problem related to PRACH detection in HST scenarios is that the potentially large frequency offsets may cause the base station to detect an incorrect RAPID. As a result, the RAR sent from the base station will not carry the RAPID that the UE is looking for, and the UE will have to retransmit the PRACH preamble. This confusion may cause problems to connect to the network, and to synchronize the UL in case of already in RRC_CONNECTED.
A base station implementation that is aware of the HST scenario may improve the PRACH detection in connected mode by e.g. separating the PRACH configuration used by the different UEs on basis of the frequency offset characteristics. By separating the PRACH configurations, the confusion on which RAPID is used can be eliminated for UEs in RRC_CONNECTED. For UEs in RRC_IDLE the confusion still exists, but it will not impact UEs that already are in RRC_CONNECTED.
Furthermore, a base station implementation that is aware of the HST scenario may improve the random access performance from RRC_IDLE by taking into account that the UE may transmit with a frequency offset. The base station may for instance respond to a RAPID determined under the assumption on that the UE displays the same frequency offset as the majority of already connected UEs display, and assign a different TC-RNTI for each such RAPID in the RAR. When the UE finds the RAPID it used in the RAR, it will apply the associated TC-RNTI and use it in the RRC Connection Request. When the base station receives the RRC Connection Request it can deduce which frequency offset characteristics the UE is displaying. After having determined to which group with respect to frequency offset the UE belongs, the base station can reconfigure the UE to use a PRACH configuration that is unique to that particular group of UEs. The reconfiguration may be perceived by the UE as a handover where source and target cells are the same cell. The RRC Connection Reconfig message carries Mobility information in which a tailored SIB2 with a new PRACH configuration is provided. The UE uses this tailored SIB2 for the duration it is in RRC_CONNECTED. An exemplary message sequence chart is provided in Figure X.2-1.
3 References
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