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1 Introduction

During RAN2#56, the scheduled and non-scheduled transmissions for LCR TDD were discussed in [1], based on the agreements reached between CATT, ZTE and TD Tech. It is proposed to treat resources for scheduled transmission and non-scheduled transmission as one resource pool, ST and/or NST traffics could use the resources in the pool to transfer their data, and multiplexing in MAC and Physical layers are allowed. 
In this proposal, some detailed text descriptions are proposed for support of the multiplexed scheme agreed above, and update to the rules of E-TFC selection is also proposed.
2 Discussion
For HARQ process ID allocation, the current scheme is that processes 0 – 3 are allocated to scheduled transmissions and 4 – 7 are allocated to non-scheduled transmissions. With multiplexing scheduled and non-scheduled transmissions, this rule needs to be updated because in many occasions there is no clear cut between scheduled and non-scheduled transmissions. A basic understanding is that there still need to be some HARQ processes reserved for non-scheduled transmissions so as to guarantee RNC assigned traffics to have enough opportunities to transmit, and the reservation could be determined by RNC and delivered to UE by RRC messages.
With the new multiplexing scheme, the previous restrictions on dedicated usage of scheduled and non-scheduled resources by scheduled and non-scheduled traffics respectively should be eliminated, utility of non-scheduled resources by scheduled traffics or vice versa should be allowed as long as the corresponding multiplexing list allows to do so.

It is commonly understood that if both scheduled and non-scheduled traffics need to be transmitted in the same TTI, non-scheduled traffics have higher priority to be sent. 
3 Proposals
It is proposed that HARQ processes could be reserved for non-scheduled transmissions by the RNC and delivered to UE by RRC messages.
Scheduled logical channels can use the non-scheduled grant as long as the multiplexing list allows multiplexing of scheduled and non-scheduled MAC-d flows. Logical channels mapped on a non-scheduled MAC-d flow can transmit data using a Scheduling Grant as long as the multiplexing list allows multiplexing of scheduled and non-scheduled MAC-d flows;
In each TTI, if there are both scheduled and no-scheduled traffics needs to be sent, the non-scheduled traffic shall always have higher priority for transmission. However, there are scenarios with high possibility of resource conflicts between scheduled and non-scheduled transmissions, e.g., non-scheduled transmission has a repetition period of 1 which means that non-scheduled transmission will always use the shared physical resources and so no scheduled transmission is allowed for a very long time. Even repetition period of non-scheduled transmission is not 1, there are still many other scenarios with high possibility of conflicts causing scheduled traffic to be starved. These “Starvation” problem has to be solved for the completeness of multiplexed scheduled and non-scheduled transmissions. An easy way to solve this is to adopt the concept of “Minimum Bit Rate” used in LTE Uplink.
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HARQ protocol

8.1
General Principle
The HARQ protocol has the following characteristics:

-
Stop and wait HARQ is used;

-
The HARQ is based on synchronous downlink ACK/NACKs;

-
The HARQ is based on asynchronous retransmissions in the uplink;

-
There are 8 processes (some of them are reserved for non-scheduled transmissions);
· If an Absolute Grant is received in Subframe (i) then the UE transmits a data block in Subframe (i+T1)

· For a data block transmitted in Subframe (i+T1) the UE receives an ACK/NACK in Subframe (i+T1+T2), E-HICH is decoded on the basis of slots and channelisation codes assigned via the Grant [5].

· If NACK is received in Subframe (i+T1+T2) then the UE cannot retransmit any data block previously transmitted in Subframe (i+T1) (now stored for potential retransmission) until it receives an Absolute Grant. 

· The interval T3 between reception of NACK and reception of a Grant for a subsequent retransmission is variable and depends on a Node B scheduling decision. 
· If an ACK is received in Subframe (i+T1+T2) then data blocks previously transmitted in Subframe (i+T1) (stored for potential retransmission) are discarded and the HARQ process identity associated with the previously transmitted data blocks can now be reassigned.

· The number of HARQ processes is a function of T1 and T2 

……
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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 if the multiplexing list allows multiplexing of scheduled and non-scheduled MAC-d flows.

· 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;
· The non-scheduled transmission has reserved HARQ processes precluding usage for the scheduled transmission, while multiplexed scheduled and non-scheduled transmissions could use either reserved or unreserved HARQ processes, up to UE preference. The number of reserved HARQ processes is configured by RNC through RRC signaling, details are FFS.
· Logical channels mapped on a non-scheduled MAC-d flow can transmit data using a Scheduling Grant if the multiplexing list allows multiplexing of scheduled and non-scheduled MAC-d flows;

· 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 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.

11
QoS control
11.1
General Principle
The QoS of ongoing flows mapped on E-DCH for a UE is maintained by the serving Node B and by the UE. The Node B controls the resources allocated to a UE versus other UEs by means of scheduling as specified in clause 9. The UE controls the QoS of all its logical channels mapped on E-DCH by means of E-TFC selection as specified in subclause 11.2, and by HARQ operation, specified in clause 8.

In addition to these mechanisms, guaranteed bit rate services for MAC-d flows are also supported through non-scheduled transmission. A flow using non-scheduled transmission is defined by the SRNC and provided in the UE and in the Node B. Details on non-scheduled transmission can be found in section 10.

11.1.1
QoS configuration principles

RAB attributes are available in the SRNC according to R'99 principles. To enable QoS control for the E-DCH, QoS-related information is made available in the UE and in the Node B as outlined below.

To the UE, the following QoS-related information is provided from the SRNC to enable QoS-based E-TFC selection, multiplexing of logical channels in MAC-e PDUs, and HARQ operation:

· Logical channel priority for each logical channel (as in Rel-5);

· Mapping between logical channel(s) and MAC-d flow(s) (as in Rel-5);

· Allowed MAC-d flow combinations in one MAC-e PDU;

· Power offset for reference E-TFC(s). The UE then calculates the power offsets for its other E-TFCs so that the quality (protection of a MAC-e PDU) when using any of the E-TFCs is identical to that of the reference E-TFC(s);
· HARQ profile per MAC-d flow. One HARQ profile consists of a power offset attribute and, a maximum number of transmissions attribute and retransmission timer attribute. The power offset attribute is used in E-TFC selection to regulate the BLER operating point for the transmission. The maximum number of transmissions attribute and the retransmission timer attribute are used in the HARQ operation to regulate maximal latency and residual BLER of MAC-d flows.

· The non-scheduled grant (only for MAC-d flows that are configured for non-scheduled transmission).

To the Node B, the following QoS-related parameters are provided by the SRNC to enable scheduling and resource reservation:

· Power offsets for reference E-TFC(s). The Node B then calculates the power offsets for the other E-TFCs. This information is used whenever the nodeB needs to convert between rate and power in its resource allocation operation;
· E-UCCH FEC protection level (FFS); 

·  HARQ profile per MAC-d flow. One HARQ profile consists of a power offset attribute and , a maximum number of transmissions attribute and retransmission timer attribute. The power offset attribute is used whenever the Node B needs to convert between rate and power in its resource allocation operation;

· Guaranteed bit rate for logical channels that carry guaranteed bit rate services. It is used to allocate grants to UEs;

· The non-scheduled grant for MAC-d flows that are configured for non-scheduled transmission. It is used for the Node B to determine those resources assigned to non-scheduled operation and those resources assigned to scheduled operation and to reserve a sufficient amount of resources. 
· Maximum UL UE power, as a minimum of the UE maximum transmit power (as per UE power class) and maximum allowed UL Tx power configured by UTRAN. 

· Scheduling priority per logical channel of logical channels mapped to E-DCH and the corresponding mapping between logical channel identifier and DDI value. This information enables Node B to consider QoS related information of the logical channels for efficient scheduling.
11.2 TFC and E-TFC selection
The principle of the TFC selection across E-DCH and DCH is the following:

-
If DCH is configured:

-
The UE performs TFC restriction for the CCTrCH of DCH type;

-
The UE performs the TFC selection for the DCHs;

-
E-TFC restriction is performed with the following characteristics;

· The E-TFC restriction mechanism is independent of the existing TFC restriction;

· The E-TFC states defined per MAC-d flow are managed independently of the TFC states;
· A maximum of 1 E-PUCH may be transmitted by a UE within a timeslot; Whether multiple codes can be activated in the same timeslot should be FFS

· The result of E-TFC restriction is a state (blocked or supported) per E-TFC and MAC-d flow;

· The minimum set of E-TFCs is defined as the number of bits that can be transmitted on RRC-assigned (i.e. non-scheduled) resources in a TTI independent of the power situation in the UE. The E-TFCs belonging to the minimum set are in supported state;

- The UE performs the E- TFC selection for the E-DCH, taking into account the following rules:

-
The E-TFC selection is based on logical channel priorities like in the Release '99, i.e. the UE shall maximise the transmission of higher priority data;

-
The UE shall respect the allowed combinations of MAC-d flows in the same MAC-e PDU;

-
The UE shall use the multiplexing list of the different MAC-d flows to see if a certain MAC-d flow can use the power offset of the highest priority MAC-d flow to be transmitted;
-
The supported/blocked E-TFCs for a MAC-e PDU including MAC-d PDUs coming from one or several MAC-d flows are obtained as follows:
-
The UE uses the E-TFC restriction result (i.e. blocked/supported E-TFCs) associated to the MAC-d flow with the highest priority logical channel in the MAC-e PDU;
-
Among the supported E-TFCs, the UE selects the smallest E-TFC that maximises the transmission of data according to the non-scheduled grant(s) and the serving grant;
-
For each transmission, if there are both scheduled and no-scheduled traffics needs to be sent, the non-scheduled traffic has higher priority for transmission, but the amount of non-scheduled data to be sent shall be limited to only satisfy the “Minimum Bit Rate” of each logical channel or MAC-d flow set by RNC, and the headroom above the resources used by the minimum bit rate of non-scheduled transmission shall be used for scheduled transmission if there is enough scheduled data buffered;
-
Among either scheduled or non-scheduled transmission, when there are multiple MAC-d flows in parallel with data buffered, the MAC-d flows shall be served in strict priority order;
-
For each transmission, the MAC-e entity gives the selected power offset of E-PUCH(s) relative to the base power Pe-base to the L1 in addition to the E-TFC;

-
In the case that the selected E-TFC leads to a case where the maximum UE transmit power is exceeded because the selected E-TFC is part of the minimum set, the UE shall power scale down all physical channels present.
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