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1. Introduction

In this contribution, we discuss the uplink physical channel for scheduling request transmission for a UE which has established uplink synchronization and does not have a valid uplink grant. The first issue is whether or not we can utilize the CQI feedback channel for the purpose of scheduling request as well. The second issue is if a new physical channel must be defined for scheduling request transmission, and whether that channel should be a contention-based channel (i.e. synch RACH) or dedicated channel.

2. Candidate Physical Channels for Scheduling Request Transmission
Figure 1 shows an example of the uplink physical channels used in RRC_CONNECTED state. In this document, we focus on the scheduling request transmission scheme for the UE that has established uplink synchronization and does not have a valid uplink scheduling grant.
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Figure 1 – Uplink physical channels used in RRC_CONNECTED state
Based on the discussion at the Riga meeting, we summarized in Table 1 the possible candidates that can be used for scheduling request transmissions. When we consider reusing the existing physical channel for the scheduling request transmission, the candidate channel is the data non-associated control channel for CQI feedback, e.g. in [1], [2]. Meanwhile, if we define a new physical channel for the scheduling request transmission, we can consider either a dedicated channel or a contention-based channel [3]. 

From a simple physical channel configuration viewpoint, it is desirable to reuse the existing physical channel for the scheduling request transmission. However, whether or not only the CQI feedback channel is sufficient for the scheduling request transmission is dependent on the transmission scheme for the CQI feedback channel. Therefore, in the following section, we first discuss whether or not we can utilize the CQI feedback channel for the purpose of the scheduling request as well, considering the possible transmission interval of the CQI feedback. Subsequently, we consider whether the scheduling request should be transmitted as a contention-based channel (i.e. synch RACH) or a dedicated channel for the case when a new physical channel must be defined for scheduling request transmission.

Table 1 – Comparison of physical channels for SR transmission
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3. Possibility of Using CQI Feedback Channel for Scheduling Request Transmission
We assume that the UE must transmit CQI feedback before the downlink shared data channel transmission for the purpose of applying channel-dependent scheduling and link adaptation to the downlink shared data channel. However, since the UE cannot recognize whether or not there is  downlink data at the Node B, CQI feedback will basically take the form of either of the following approaches.
· Periodical report
· Flexible report triggered by the Node B (more adaptive assignment of CQI feedback channel to UE)

Since currently there is no decision on the CQI feedback channel transmission method, we consider both possibilities in the following subsections.

3.1. Periodical Report Case
First we consider the case of the periodical report. In this case, whether or not the CQI feedback channel can be used for the scheduling request transmission is dependent on the interval of the periodic CQI feedback. Figure 2 shows the degradation ratio of the sector throughput as a function of the CQI feedback period.  We assumed proportional fairness based frequency and time-domain channel dependent scheduling with the number of UEs within a cell of 16. Based on this result, even when the UE speed is 3 km/h, if the CQI feedback period exceeds 30 ms, the sector throughput is decreased by more than 5%. We achieve nearly the same results as those presented in [4]. Therefore, if the periodical report of CQI feedback is used, the interval of CQI feedback should be approximately 30 ms or less. Our view is that a 30-ms delay is the maximum allowable for a scheduling (however, we need to confirm the impact of the decoding error of the scheduling grant). Therefore, our view is as follows.
· If a periodic report of the downlink CQI feedback is employed, the reporting interval should be less than 30 ms. In this case, the scheduling request can be transmitted by reusing the CQI feedback channel and an additional physical channel is not necessary for the scheduling request.
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Figure 2 – Throughput degradation ratio as a function of CQI report interval
3.2. Flexible Report Triggered by Node B Case
If the periodical report is not efficient, alternatively we can consider a more flexible CQI report that is triggered by the Node B. Figure 3 shows an example of this approach. The CQI feedback is triggered by Node B by indicating the UE ID and short duration during which the CQI is fed back based on a predetermined transmission period. This method is efficient since the CQI feedback is performed for the UE to which the Node B needs to transmit the downlink data. However, associate signaling to indicate the UE ID and resource assignment for the CQI feedback channel may be potential drawbacks to this method. If the flexible CQI report triggered by the Node B is employed, our views on the reuse of the CQI feedback channel for the scheduling request transmission are as follows.

· If the flexible CQI report triggered by the Node B is employed, a new physical channel should be defined for the scheduling request since the reporting period of the CQI will not necessarily satisfy the delay requirement for the scheduling request.
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Figure 3 – Flexible CQI report triggered by Node B
4. New Physical Channel Candidates for Scheduling Request Transmission

As we mentioned in Section 3, if the flexible CQI report interval is employed we need to define a new physical channel for the scheduling request. The first question should be whether this new scheduling request channel should be transmitted as a contention-based channel, i.e., synch RACH, or dedicated channel.


Our view on this is as follows. We showed that if a ten-fold larger number of bits (or radio resources) is required to transmit the scheduling request using a contention-based channel compared to a dedicated channel, regardless of the number of UEs that have established uplink synchronization, the dedicated channel can reduce the required total amount of radio resources for the scheduling request compared to the contention-based channel assuming most of the important range of the scheduling request occurrence ratio such as less than every 10 s [5]. Since contention-based scheduling request transmission requires additional UE ID transmission, a ten-fold larger number of bits is a reasonable assumption. Although we can reduce the number of bits in the contention-based scheduling request transmission if a shortened ID is used instead of the full UE ID, the scheduling request need two steps and additional resource is needed for the second step, and the collision probability will increase. Therefore, we prefer to define a dedicated scheduling request channel if needed.

5. Conclusion
This contribution discussed about the uplink physical channel for scheduling request transmission for the UE that has established uplink synchronization and does not have a valid uplink grant. The main conclusions are as follows.

· From a simple physical channel structure point of view, the reuse of the CQI feedback channel for scheduling request is desirable

· However, if flexible CQI report triggered by the Node B is employed, a new physical channel should be defined for the scheduling request since the CQI report period will not necessarily satisfy the delay requirement of the scheduling request

· If a new physical channel for the scheduling request is defined, that channel should be a dedicated channel.
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