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1.
Introduction

Downlink enhancements in CELL_FACH would have impacts on RACH transmissions. In this document, we discuss them.
2.
NB Control of HS-SCCH and HS-FACH
Open loop power control is applied to FACH in R99. To determine transmission power of FACH carrying DCCH/DTCH frame by frame, UTRAN can use measurement results from a UE. This measurement results are reported to RNC by a RRC message so that if the FACH scheduler is in NB, the scheduler does not know the report.

Therefore, if the FACH scheduler moves from RNC to NB, it seems to be beneficial that measurement results on a serving cell are given to NB. Otherwise, NB would need to consider pessimistic channel condition at all times and so inefficiently transmit HS-SCCH and HS-FACH e.g. with full power. That could undermine need for CELL_FACH enhancements in downlink because SCCPCH power in CELL_FACH can be slowly controlled based on channel condition.
As one solution, RNC could forward measurement results of a serving cell received from UE to NB. For example, if RNC received a CELL UPDATE message with a measurement result of a serving cell from UE, RNC can transfer the measurement result to NB when sending a CELL UPDATE CONFIRM message to NB on Iub. Then, NB can control HS-SCCH and HS-FACH transmission carrying the CELL UPDATE CONFIRM message based on the given measurement result. Thus, this option would be useful when HS-FACH transmission replies to a RACH message. However, that option cannot support all HS-FACH scenarios because sometimes HS-FACH transmission is not associated with a RACH message. 
As another solution, RNC could requests UE to report measurements and forward measurement reports received from the UE to NB after receiving reports from the UE. But, in this case measurement reporting will be delayed on Iub interface until NB receives the report from RNC.
Accordingly, it seems to be better that UE directly reports CQI of a serving cell to NB on Uu. Since CQI needs to be sent to NB, it is proposed that RACH is used to send CQI. In this case, NB can quickly adapt channel variation when NB transmits HS-SCCH and HS-FACH without Iub delay. We would not need frequent reporting from UE because power of HS-SCCH and MCS of HS-FACH would be slowly controlled.
3.
CQI Transmission on a RACH Message
As mentioned above, we think CQI reporting on RACH is beneficial for control of HS-SCCH and HS-FACH transmissions in NB. To report CQI to NB, we propose to specify MAC control PDU carrying CQI information. 
The figure 1 shows the proposed MAC PDU formats. To indicate MAC PDU carrying CQI, one code in the TCTF field is reserved for RACH with CQI as shown in Table 1. We propose only in case a UE-Id is included in the MAC header, CQI can be included in the MAC PDU as shown in figure 1. It is because if there is no UE-Id in the MAC header i.e. CCCH on RACH, NB MAC cannot know which UE reports the CQI in the MAC PDU. Even if MAC SDU carries RNTI e.g. CELL UPATE, NB cannot know UE identity because NB does not decode the RRC message in the MAC SDU.
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(a) MAC PDU carrying CQI only
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(b) MAC PDU carrying CQI and MAC SDU
Figure 1: The Proposed MAC PDU Formats
	TCTF 
	Designation

	00
	CCCH

	01
	DCCH or DTCH

over RACH

	10
	DCCH or DTCH over RACH with CQI

	11
	Reserved

(PDUs with this coding will be discarded by this version of the protocol)


Table 1: The Proposed Coding of the Target Channel Type Field on RACH for FDD

In addition, we propose that UE includes H-RNTI in the UE-Id field in uplink. We assume that UTRAN allocates a H-RNTI to a UE for identification of the UE receiving HS-FACH transmissions. At this moment NB MAC understands H-RNTI type and E-RNTI type for UE identification. In CELL_FACH, only RACH transport channel is used and E-DCH is not extended to CELL_FACH. Thus, it seems to be good not to use E-RNTI. For this reason, we think that H-RNTI type only can be included in the UE-id field on RACH carrying CQI.
If H-RNTI type only is used in the MAC PDU carrying CQI, the UE-Id type field is not necessary as shown in figure 1. If MAC in NB understands C-RNTI, C-RNTI could be also included in UE-Id field. But, in this case NB should store C-RNTIs for several UEs in addition to H-RNTIs.
When UE transmits CQI, if UE has no data to be transmitted in uplink, UE use the format (a) in figure 1. Since the format (a) produces a short size of MAC PDU, we can consider introduction of a RACH message with shorter length i.e. 2 ms. For example, if CQI is similar to HSDPA CQI i.e. 5 bit information, a MAC PDU with the format (a) will be 23 bit long. Thus, we think that 2 ms RACH message will work because a RACH message can transmits more than 200 bit MAC PDU and therefore we can reduce latency of CQI reporting as well. The 2 ms RACH transmission can be distinguished by RACH signatures or access slots like 10 and 20 ms RACH transmissions.
On the other hand, if UE has data i.e. MAC SDU to be transmitted in uplink, when UE transmits CQI, UE can use the format (b) in figure 1. We think CQI information will be short in length. Thus, overhead due to CQI looks minor. MAC PDU with format (b) is transmitted on a RACH message with 10 or 20 ms length.
4.
CQI Reporting Triggering and Repetition
4.1
UE Triggering Scheme

In this scheme, UE triggers CQI reporting based on a command of UTRAN. UTRAN can configure periodical or event-triggered CQI reporting. 
On one hand, in case of periodical CQI reporting, RRC configures a CQI cycle and UE reports CQI on RACH every CQI cycle. However, in this case, if channel variation is marginal, CQI reporting won’t be necessary and so it causes increasing uplink interference.
On the other hand, in case of event-triggered CQI reporting, UTRAN commands UE to report CQI on RACH only when there is a certain level of channel variation. In this case, the number of reports on RACH can be reduced and so it seems to be better to use event-triggered CQI reporting.
A drawback of this scheme is reception of CQI is not guaranteed because RACH is not a safe transport channel. 
To increase robustness of CQI reporting, when UE sends CQI on RACH, UE can repeat the same CQI transmission on a RACH message as shown in figure 2 like HSDPA CQI reporting, in particular in case the RACH message is 2 ms long. When UE repeat the same CQI on a RACH message with 2 ms, UE could omit power ramping before repeated RACH messages. The retransmissions can be transmitted with the same power value that was decided by power ramping of AP part just before the initial RACH message. The retransmissions can be transmitted consecutively with a same timing gap like figure 2 or without any timing gap in uplink.
When UE repeat CQI like figure 2, we could increase robustness of CQI reporting. However, we will increase uplink interference. It is assumed that there is no ACK/NACK of the RACH message like in R99.

[image: image3.emf]RACH

Msg

AICH

AP

RACH

Msg

RACH

Msg

DL

UL


Figure 2. Repetition of CQI Reporting on RACH

4.2
NB Triggering Scheme

Instead of UE triggering, NB can trigger CQI reporting on RACH from UE in CELL_FACH as shown in figure 3. In this case, NB can use HS-SCCH channel or MAC PDU on HS-FACH. 
On one hand, if HS-SCCH is used for NB triggering, NB indicates H-RNTI of a UE on HS-SCCH and include one 1 bit polling indication on HS-SCCH. If the polling bit is set, the UE with the H-RNTI reports CQI on RACH.
On the other hand, HS-FACH can carry MAC PDU with a polling bit. In this case, we need to specify a polling bit in the MAC PDU format on HS-FACH. Similarly, if the polling bit is set, the UE receiving the MAC PDU reports CQI on RACH.
The benefit of such NB triggering scheme is that CQI on RACH needs not to be repeated for robustness. If NB dose not receive CQI on RACH for a certain period after polling CQI for a UE, NB will request CQI reporting again to the UE anyhow. Thus, CQI reporting will be guaranteed. It is noted that when NB requests CQI reporting again, UE can update CQI information on RACH. But, this scheme can also work with repetition of a RACH message.
A drawback of this scheme is overhead in downlink. However, overhead in downlink is marginal. Moreover, this scheme can minimize uplink interference and also guarantee robustness of CQI reporting.
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Figure 3. NB triggered CQI reporting on RACH
5.
Control of HS-SCCH and HS-FACH carrying CCCH
As mentioned before, the proposed CQI reporting scheme supports only UEs with a UE dedicated RNTI i.e. H-RNTI. Thus, when NB transmits HS-FACH to a UE without such RNTI, NB cannot utilize CQI information on RACH. However, in this case, we have a simple solution described in section 2. i.e. when RNC transmits a RRC message on CCCH, RNC forwards measurement results of a serving cell received from UE to NB.
In details, RNC can receive a measurement result from a UE through RRC CONNECTION REQUEST and CELL UPDATE message. When RNC receive it, RNC replies to the uplink message. In this scheme, when RNC sends a reply message to NB on Iub, RNC includes initial transmission power of HS-SCCH and initial MCS of HS-FACH on HS-FACH FP frame. Thus, when NB receives a HS-FACH FP frame, NB can receive initial transmission power of HS-SCCH and initial MCS of HS-FACH. Afterwards, NB will transmit HS-SCCH and HS-FACH e.g. carrying RRC CONNECTION SETUP or CELL UPDATE CONFIRM message based on the received information before acquiring CQI on RACH.
Accordingly, we propose such setting of initial transmission power of HS-SCCH and initial MCS of HS-FACH on HS-FACH FP frame as well as CQI on RACH. Moreover, we think that this scheme can be also used for the case when there is no CQI information of the UE in NB i.e. before polling CQI reporting.
6.
Conclusion

We think that CQI reporting is necessary for control of HS-FACH transmissions. Thus, we propose to carry CQI on RACH for NB control of HS-SCCH power and HS-FACH MCS.
In addition, if possible, CQI reporting should be suppressed to minimize uplink interference. Thus, it seems to be desirable that CQI on RACH is used only if NB needs CQI reporting. Due to the reason, we prefer event-triggered CQI reporting and NB polling based CQI reporting. If we feel CQI transmission should be more reliable, we could have quick repetition of the RACH message carrying CQI without any ACK/NACK of the RACH message.
Furthermore, we propose that RNC should indicate initial transmission power of HS-SCCH and initial MCS of HS-FACH to NB in order to help NB to control initial transmission of HS-FACH before reception of CQI from UE.[image: image5.png]
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