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1 Introduction

During the RAN1#46bis, the scheduled and non scheduled transmissions for LCR TDD were discussed in [1]. A LS [2] was then sent to RAN WG2 to ask whether combining scheduled and non scheduled resources within one TTI is appropriate. In this document, we will further discuss the scheduled and non scheduled related topics and give our proposals.
2 Discussion

2.1 Background
Non scheduled transmission is supported by both FDD and HCR TDD. As described in [3], the main justifications to introduce non scheduled mode are as follows
· Reduce latency by allowing direct transmission of data without the general request/grant cycle;

· Reduce complexity of the Node B scheduler since the scheduler does not need to issue scheduling grants for those logical channels;

· Reduce the amount of signaling overhead  since the scheduler does not need to issue scheduling grants for those logical channels;

· Enable better support of GBR, since non-scheduled grants are not affected by ‘DOWN’ relative grants from non-serving RLSs.

Note: For simplification purpose, the term “NST” is used to represent non-scheduled transmission and “ST” is used to represent scheduled transmission. MAC multiplexing in this paper means multiplexing from MAC-es PDUs to MAC-e PDU. 
Non scheduled mode is mainly designed to serve SRB, GBR services etc. The characteristics of FDD NST captured in [4] are:
· Non-scheduled transmissions are defined per MAC-d flow;

· The resource for non-scheduled transmission is given by the SRNC in terms of maximum number of bits that can be included in a MAC-e PDU, and is called non-scheduled grant;

· Scheduled logical channels cannot use a non-scheduled grant.

· UTRAN can restrict a non-scheduled MAC-d flow to use a limited number of HARQ processes in case of 2ms TTI;

· UTRAN can reserve some HARQ processes for non-scheduled transmission (i.e. scheduled data cannot be sent using these processes, they are considered disabled) in case of 2ms TTI;

· Multiple non-scheduled MAC-d flows may be configured in parallel by the SRNC;

· The UE is then allowed to transmit non-scheduled transmissions up to the sum of the non-scheduled grant if multiplexed in the same TTI;

· For FDD, Scheduled grants will be considered on top of non-scheduled transmissions;

· Logical channels mapped on a non-scheduled MAC-d flow cannot transmit data using a Scheduling Grant;

· Logical channels mapped on a non-scheduled MAC-d flow can only transmit up to the non-scheduled grant configured for that MAC-d flow;

· The multiplexing list restricting the set of HARQ profiles that can be used by a given logical channel will apply both for scheduled and non-scheduled logical channels;

· Logical channels will be served in the order of their priorities until the non-scheduled grant and scheduled grants are exhausted, or the maximum transmit power is reached;
The basic principles of HCR TDD NST are similar to that of FDD except the following aspects

· For 3.84 Mcps and 7.68 Mcps TDD a non scheduled grant is defined by:

· The codes and timeslots available for transmission in TTIs designated for unscheduled use

· The frames designated for unscheduled use (specified by means of start frame number, repetition period and repetition length)
· For 3.84 Mcps and 7.68 Mcps TDD, HARQ process identifiers 0 – 3 are reserved for scheduled transmissions and HARQ process identifiers 4 – 7 are reserved for non-scheduled transmissions;

According to the description above,   the scheduled and non-scheduled resources in HCR TDD enhanced uplink are precluded to appear in the same TTI. MAC multiplexing between scheduled logical channels and non-scheduled logical channels are not supported.
2.2 Analysis on the current schemes
As analyzed in sub-clause 2.1, in the 3.84 Mcps TDD, scheduled and non scheduled resources for the same UE can only exist in different TTI, which is show in figure1. Note that the scheduled transmissions can only occur in the “blue-box” TTIs.
The main benefits of this scheme are summarized below:

· Simplify the implementation of MAC protocol in the UE since MAC multiplexing between scheduled and non-scheduled transmissions is not allowed and their grants can be utilized separately.
· Reduce complexity of the Node B scheduler since no scheduling decisions need to be made during the non-scheduled TTIs.
However the scheduled transmissions will be delayed by the non-scheduled transmissions, which may influence the performance (throughput and delay) of the ST services especially when the ST buffers have enough data to send. Another drawback is the decrease of the scheduling flexibility because only some specific TTIs can be used for the ST services.
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Figure1: Current scheme to support both scheduled and non-schedule transmissions in TDD
In FDD Enhanced uplink, a similar scheme is also proposed in case of 2ms TTI. Some HARQ processes can be reserved for NST services only. The difference is that it is decided by UTRAN whether the NST and ST can use the same HARQ process in FDD in case of 2ms TTI. In HCR TDD, NST and ST services can never occur in the same TTI. Besides, MAC multiplexing between NST and ST services is always supported for FDD in case of 10ms TTI.
To resolve the problems analyzed above,  contribution [1] proposes that the scheduled and non-scheduled resources can appear in the same TTI for the same UE and the two types of grant should be combined together,  which has been discussed in RAN WG1. In the proposal of [1], MAC multiplexing between data from scheduled and non-scheduled logical channels is also prohibited. The combined grant can only be used to transmit either scheduled data or non-scheduled data.
2.3 MAC multiplexing and resource combination
In our understanding, MAC multiplexing and physical resource combination should be considered jointly to optimize the system performance. Basically, keeping in mind only one MAC-e PDU is permitted per TTI, there are four options.
Option1: No resource combination and no MAC multiplexing between NST and ST services

This option is the current scheme proposed in HCR TDD. Scheduled and non-scheduled resources are forced to appear in different TTIs and can only be used to transmit ST data and NST data separately.
The pros and cons have been summarized in section 2.2.

Option2: Both resource combination and MAC multiplexing between NST and ST services are supported
In this option, the scheduled and non-scheduled resources are allowed to exist in the same TTI and will be combined as a single grant. MAC multiplexing between NST and ST services are supported at least when both types of grant are existent in the same TTI. UTRAN can use the multiplexing list to limit the detailed multiplexing relation as realized in FDD.
This option can improve the scheduling flexibility and the performance of ST services compared with option1. But the complexity is also increased and comparative to that of FDD.
Regarding the issue about the retransmission of  the MAC-e PDU which utilized the combination of  scheduled and non-schedule grant resource at the first transmission is similar with that of  10ms TTI FDD E-DCH. The RV parameter can control the number of data to be sent  according to the available  resource(schedule grant resource and/or non-scheduled grant resource) for the retransmission. For example, in case of IR combination, when there is less available resource for retransmission, the less datum are sent for combining according the second rate matching processing.
Option3: Resource combination is allowed but MAC multiplexing between NST and ST services is prohibited
This is the scheme proposed in reference [1]. The scheduled and non-scheduled resources are allowed to exist in the same TTI and will be combined as a single grant. But the combined grant can only be used to transmit either scheduled or no-scheduled data, i.e. no MAC multiplexing between NST and ST services is permitted.
Option 3 may improve the performance of ST services but has the following disadvantages.
· The QoS of NST and ST services are difficult to be satisfied simultaneously since either scheduled or no-scheduled grant will be bereaved because the combined grant can only be used to transmit one type of service.
· Since the buffer status of NST services are not reported to Node B, excessive resources may be assigned to the UE if the data in the buffer of the no-scheduled logical channels can be transmitted only using the non-scheduled grant. Then the extra resources can not be used by any ST services, which will lead to resource waste. Note NST services usually have higher priority than ST services
Option4: No resource combination but MAC multiplexing between NST and ST services is allowed
Scheduled and non-scheduled resources are not allowed to be assigned in the same TTI in this option. But MAC multiplexing between NST and ST services is allowed. This is the case that ST services can use the non-scheduled grant if it is not exhausted by the NST services. It seems less possible that NST services to use scheduled grants seems unnecessary allowing for non-scheduled grants are usually enough to guarantee the QoS of NST services. Anyway, multiplexing list can be used to by UTRAN to configure the multiplexing restriction. 
The main benefit of option 4 is the improvement of the non-scheduled resources efficiency but with the cost of confusing the concept of scheduled and non-scheduled grants.
3 Proposals
In this document, four options on the physical resource combination and MAC multiplexing are provided and discussed. We would like to request RAN2 to further discuss the various schemes to determine which will be preferred for the LCR TDD enhanced uplink. In our opinion, option 2 is more preferable from the viewpoint of improving the system resource efficiency and the performance of ST services with acceptable complexity. If this were agreed, the following text proposal should be captured in TR 30.302.
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Non-scheduled transmissions
When non-scheduled transmission is configured by the SRNC, the UE is allowed to send E-DCH data at any time, up to a configured resource, without receiving any scheduling command from the Node B. Thus, signalling overhead and scheduling delay are minimized.
Typical examples of data that may use non-scheduled transmission are the SRBs and GBR services.

Non-scheduled transmissions have the following characteristics:

· Non-scheduled transmissions are defined per MAC-d flow;

· The resource for non-scheduled transmission is given by the SRNC and is called non-scheduled grant; A non –scheduled grant is defined by

· The codes and timeslots available for transmission in TTIs designated for unscheduled use

· The frames designated for unscheduled use (specified by means of start frame number, repetition period and repetition length)

· Scheduled logical channels can use the non-scheduled grant based on the multiplexing list and E-TFC selection procedure.

· Multiple non-scheduled MAC-d flows may be configured in parallel by the SRNC, provided they are defined (via RRC) to use the same resources;

· The UE is then allowed to transmit non-scheduled transmissions up to the sum of the non-scheduled grant if multiplexed in the same TTI;
· HARQ process identifiers 4 – 7 are used when only non-scheduled grant exists and HARQ process identifiers 0 – 3 are used in all other cases.. 
· Logical channels mapped on a non-scheduled MAC-d flow can transmit data using a Scheduling Grant based on the multiplexing list and E-TFC selection procedure.;

· 
· The multiplexing list restricting the set of HARQ profiles that can be used by a given logical channel will apply both for scheduled and non-scheduled logical channels;

· Logical channels will be served in the order of their priorities until the non-scheduled grant and scheduled grants are exhaused, or the maximum transmit power is reached;

· When multiple logical channels are assigned the highest priority, the selection of the HARQ profile for these logical channels is not specified.
----------------------------------------------End of Text Proposal -----------------------------------------------
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