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1. Overall description

In last RAN1 meeting, there was a partial agreement on the transmission of Scheduling Request (SR) as following;
[1] Size of the scheduling request

· 2 states: Either UE requests to be scheduled or (in case of no transmission) does not request to be scheduled

[2] On-Off Keying based on ACK/NACK design

· The length 7 sequence is split into two orthogonal  sequences, length 3 and length 4
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[3] Compatibility with ACK/NACK transmission from different UEs

· Different cyclic shifts or orthogonal covers can be assigned for scheduling requests and ACK/NACK

In this contribution, two types of SR structures (so called ‘Alternative 1’ and ‘Alternative 2’) are proposed, and the operational methods of each proposed SR structure and interactions with PUCCH in line with current agreement are specified. In the following sections, the explanation of each scheme will be elaborated in detail together with its own pros and cons.
2. Proposed Scheduling Request (SR) structures
2.1 Alternative 1
Simultaneous transmission of SR and ACK/NACK transmission from one UE may be prevented by means of priority setting, which makes a lot of aspects simpler and easier when designing SR structure. However, regardless whether simultaneous SR transmission with the other PUCCH signal is supported from one UE or not, it would be quite preferable in terms of flexible RB management for PUCCH that SR from one UE can be multiplexed together with other UEs’ ACK/NACK signal on the same RB

Figure 1 depicts a proposed SR structure in case that one RB is solely utilized for SR transmission, where the number in the axis of orthogonal index represents the index of dedicated or shared orthogonal resource that can be allocated to each SR. 
As shown in Figure 1, proposed SR structure consists of combination of two spreading sequences of different lengths. For one UE, SR with length of 7 symbols is spread over 7 SC-FDMA symbols. However, spreading sequences of two different lengths are applied to 7 symbols, one is SF4 for 1st, 2nd, 6th, 7th symbol in case of 1st slot, the other is SF3 for 3rd, 4th, 5th symbol in case of 1st slot.  Regarding multiplexing capability, it was agreed that SR is operated based on ON-OFF keying, making it possible to fully utilize both 12 cyclic shifts and 3 orthogonal covering sequences while generating individual SR sequence resource, which leads to the multiplexing capability of supporting up to 36 SRs in one RB without much performance degradation. 
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Figure 1: SR structure (one RB is solely utilized for SR transmission)
Figure 2 depicts a proposed SR structure, which enables SR transmission from one UE to be multiplexed together with ACK/NAK signal from the other UEs on the same RB reserved for ACK/NACK channel. Here in the figure 2, the number in the axis of orthogonal index represents the index of dedicated or shared orthogonal resource that is assigned to each ACK/NACK, SR. The SR structure should be redefined when ACK/ANCK and SR from different UEs have to be multiplexed on the same RB (Issue on how to handle both ACK/ANCK and SR from one UE is FFS). Generally, in order to prevent performance degradation for ACK/NACK signal under unfavorable fading condition, only 6 CS(cyclic shifts) among 12 CS can be allocated for ACK/ANCK in such a staggering manner. Therefore if a certain SR should be transmitted simultaneously with ACK/NACK in the same RB reserved for ACK/NACK, it should be conveyed on one of the code resources reserved for ACK/NACK transmission (e.g. 18 sequences). In other words, 18 orthogonal resources as shown in Figure 2 should be properly shared among SRs and ACK/NACKs (e.g. if 12 resource is reserved for ACK/NACK in shared manner, remaining 6 resource can be maximally assigned for SR in dedicated manner.)
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Figure 2: SR structure (one RB is utilized for SR and ACK/NACK transmission)

2.2 Alternative 2
In order to transmit the SR and ACK/NACK simultaneously at the same subframe, the alternative SR channels, which reuse the CDM-based structure of ACK/NACK channel with different circular shift(s) of CAZAC code and block-spreading codes (resultantly, the same slot format as for ACK/NACK transmission is also re-used for SR transmission), can be considered. This dedicated SR channel (i.e., ‘Alternative 2’) is fully compatible and co-existing with the PUCCH in the same time-frequency resource.

Figure 3 shows the exemplary operation how to transmit SR and/or ACK/NACK signal with ‘Alternative 2’ proposal. As can be seen in the figure, two separate channels will be utilized by one UE in order to transmit either one of SR or ACK/NACK signal without multiplexing at a given time. In other words, if SR transmission from certain UE happens to coincide with its ACK/NACK signal transmission at the same subframe, ACK/NACK signal for this UE should be diverted to the dedicated resource which is assigned to the UE for SR transmission as shown in Figure 3. In this case, the 1-bit SR using on-off keying can be detected non-coherently by means of energy detection and ACK/NACK information may be then obtained by coherent detection. It is also possible to detect the SR and ACK/NACK information by combining the coherent and non-coherent manners through the two different channel resources in order to enhance the detection reliability. 

This approach is appropriate for maintaining the single-carrier property for UL transmission while supporting the simultaneous transmission of SR and ACK/NACK. 



Figure 3:
 An illustration of multiplexing SR and/or ACK/NACK

3. SR interactions with PUCCH transmission

In general, SR is predisposed to be transmitted solely without the other control information in many request opportunities. But, one cannot completely rule out the situations where simultaneous transmission with ACK/NAK or CQI is required when SR is to be transmitted. Proposed SR has been designed with the premise that simultaneous transmission of SR and ACK/NACK can be shunned arbitrarily by means of either delaying SR transmission or discarding ACK/NACK transmission. 
3.1 Alternative 1

(1) In the presence of ACK/NAK transmission
From time to time, UEs would encounter the cases where they want to transmit their SR at the same time when ACK/NACK should be transmitted. In this case, one of two signals should be delayed or discarded in order not to violate single carrier property. 
It seems to be common understanding and assumption of many companies that there is certain fixed time relationship between ACK/NACK signal and downlink packet transmission. Therefore, it would be quite intuitive and reasonable to delay SR transmission instead of ACK/NACK signal when a certain UE has both signals to transmit. In other words, ACK/NACK signal is presumed to have higher priority in general. 
However, there might be a case once in a while where one should consider the other way around. For example, if large amounts of on-going downlink HARQ processes are in places at time and hence UE should transmit its ACK/NACK signal continuously, UE would have a hard time to find an opportunity to transmit its SR for a while even though UE buffer occupancy rises to a certain level of emergency. Therefore, proper management on the priority would be necessary in order to circumvent this kind of situation. 
One possible solution is to make specific rules for the case. For example, if SR transmission concurs with ACK/NACK for the first time, ACK/NACK is transmitted since it has a higher priority over SR. However, if it happens successively N times (e.g. N=3 in figure 3), SR is transmitted instead of ACK/NACK at the N-th time (e.g. Figure 4). Unlike the case of SR where SR transmission can be delayed, ACK/NACK signal should be discarded in order not to complicate the on-going HARQ procedure if it happens. In order to support this operation, eNB is required to monitor both SR and ACK/NACK signal from a certain UE all the time. If eNB detects that SR has been transmitted from the UE instead of ACK/NACK signal at certain predefined time instant when ACK/NACK signal transmission is expected, eNB should just perform retransmission for the corresponding HARQ process since it has no information whether UE has successfully decoded previous sub-packet or not. Therefore, one retransmission in downlink would be squandered if previous sub-packet has been correctly received by the UE, leading to a slight degradation in downlink performance. 
Actually, the successive coincidences of ACK/NACK and SR transmission will seldom happen, and accordingly the impact would be negligible. Hence, discarding ACK/NACK signal instead of delaying SR could be considered as adequate solution when SR transmission becomes imminent, since it won’t have any serious impacts on the downlink system throughput. 

 According to the rule, either one of ACK/NAK or SR is chosen to be transmitted depending on parameter ‘N’ that would determine the priority at the time of transmission for SR. Of course, other metrics could be considered when determining the priority for signal transmission. 
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Figure 4: SR transmission when ACK/NAK is scheduled to be transmitted
(2) In the presence of CQI transmission
 From time to time, SR transmission may happen to coincide with CQI transmission. If it happens, it seems to be reasonable that SR (with higher priority in most cases) is mainly transmitted instead of CQI. We can also apply priority based selection method when they coincide at the same time. Figure 5 shows the exemplary case where CQI is skipped or delayed (depending on CQI schemes) when CQI transmission was scheduled at the same time when UE tries to transmit SR to eNB.
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Figure 5: SR transmission when CQI is scheduled to be transmitted
3.2 Alternative 2
(1) In the presence of ACK/NAK transmission

As explained before, this scheme can inherently resolve the issue of simultaneous transmission of ACK/NACK and SR. Therefore, both ACK/NACK and SR can be transmitted at the same time without additional consideration.
(2) In the presence of CQI transmission

Considering the multiplexing with CQI signal in case of ‘Alternative 2’ structure, CQI is skipped or delayed (depending on CQI schemes) when CQI and SR transmission timing is overlapped as shown in the Figure 5.

4. 
SR interactions with Sounding RS transmission
In general, SR is transmitted to trigger further uplink scheduling request message if UE has data to transmit in TX buffer. Therefore, it can be generally inferred there is high possibility of being no data transmission in uplink for a certain UE before the UE transmits SR. Then, it is highly likely that Sounding RS transmission is not necessary at all or Sounding RS with very long period may be necessary in uplink for those UEs without uplink data transmission. Based on these assumptions, the transmission timing of SR and Sounding RS can be easily separated from single UE perspective without any harmful effect on the essential functioning of both SR and Sounding RS. Therefore, a UE may not be required at all to transmit both SR and Sounding RS simultaneously in the same subframe. If Sounding RS is needed for uplink scheduling request message transmission in the aftermath of previous SR transmission, SR transmission timing can be associated with Sounding RS transmission timing, i.e. firstly SR is transmitted, next Sounding RS is transmitted with such a fixed timing relation [2]. 

5. Conclusion
In this contribution, SR structures, operation and interactions with PUCCH are proposed for two proposed SR structures that are quite in line with the currently agreed-upon PUCCH structure and do not breach single carrier property when multiplexing with other PUCCH data is required. Each alternative scheme has its own merit and demerit.
· ‘Alternative 1’ has been designed with the premise that simultaneous transmission of SR and ACK/NACK can be avoided arbitrarily by means of either delaying SR transmission or discarding ACK/NACK transmission. This has the advantage of larger multiplexing capability over ‘Alternative 2’ at the cost of slight degradation in downlink system throughput.
· ‘Alternative 2’ has been devised, taking into account the simultaneous transmission of SR and ACK/NACK. This makes it possible for UEs to transmit SR and ACK/NACK simultaneously in one subframe at the cost of reduced multiplexing capability. 
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