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1. Introduction

At the Workshop#31 in October 2015, the topic of UL Grant sizes in relation to handling of IMS signalling was discussed. It was decided to seek RAN5 guidance on the need to support the use case of a Category 0 UE supporting IMS. At RAN5#69, the conclusions from RAN5 were: 

· Cat.0 UEs may support IMS, current IMS test cases applicable to Cat.0 UEs. 

· No firm evidence that Cat.0 UEs supporting IMS already exist in the field. 

( No change to Test Model / TTCN until evidence is brought forward.
Recently RAN5 Leadership has been made aware of firm plans to launch/deploy Cat 0 & 1 device with VoLTE support in not too distant future and received queries about how soon can RAN5 enable this in the reference test suite. These companies seem to be working in partnership with some of the key Operators (who are active in 3GPP) with portfolio covering certain device types. RAN5 Leadership requested MCC TF160 to look into support of such devices, in the best interest of the industry to see such devices being tested and certified with VoLTE enabled.
Support of IMS requires configuration of  large UL grant [Currently 10680  bits] to facilitate transmission of IMS registration message without SIP compression without resulting in SIP timer expiry in UE. But Cat 1 UE can support Max UL TB size of 5160 bits. For Cat 0 it is even more severe as it supports a Max UL TB size of 1000 bits.

Generally in real network grants are allocated based on buffer status reports, hence a good network will allocate multiple UL grants respecting UE MAX TB size supported, so as to facilitate all the data available for transmission in UL buffers. The current UL grant model is simplified and is not expected to react on BSR contents. To solve this problem, it is proposed to introduce a new UL grant type 5, where UE transmits ‘n’ grants at every ‘t’ milliseconds on reception of SR from UE. Both n and t are configured by TTCN. For Cat 1, TBS=4968, n=2 and t=20 ms. To support Cat 0, TBS=1000, n=10 and t=20 ms. The 20 ms period is to allow atleast one HARQ retransmission if required and is suitable for FDD, TDD and Half Duplex FDD.

2. Proposed changes to 36.523-3
7.2
Uplink Grant

The Network/SS informs the UE if it is allowed to make Uplink Data transmission by transmitting 'DCI format 0' on PDCCH. The UE shall transmit (4 TTI later for FDD or variable for TDD) a Transport block of exactly the same size as specified in DCI format 0. The UE has no control of its own on TB size, and has to merely follow the network, even if that means lots of MAC padding or resource starving.

The UE has the following means to communicate if it has UL data ready for transmission and subsequently the estimate of quantity of data to be transmitted.

RACH procedure: UE in idle mode, handed over to a new cell or connected mode but PUCCH is unsynchronized (sometimes referred to as PUCCH is not configured) will trigger RACH procedure on data ready for transmission in UL.

Scheduling Request: UE in connected mode, no grant configured, PUCCH is synchronized and has data ready for transmission in UL, will transmit a scheduling request on PUCCH.

Buffer Status Reports: UE in connected mode, PUCCH synchronized, has a configured grant for current TTI, but grant is not sufficient to transmit all the data will include MAC control element BSR in the UL MAC PDU.

RACH and SR indicate on data availability and BSR provides an estimate of data available for transmission.
CQI/PMI/RI feedback from the UE which indicates the channel conditions and recommended number of layers.

Hence to determine the exact need of the grant requirement of the UE a network/SS needs to act on all four of the above. This eventually complicates the SS implementation and hence the grant allocation procedure is simplified such that SS needs only to react on reception of SR and grant allocation configured from the TTCN.
The SS disables aperiodic CQI/PMI/RI feedback from the UE by setting the ‘CQI request field’ to 0 in DCI format 0/RAR grant.

When request for periodic CQI/PMI/RI feedback is requested due to TTCN configuration, the SS does not react on periodic CQI/PMI/RI feedback received and still allocates grants as configured from TTCN.
The SS, if configured for maintaining PUCCH synchronization at UE, shall periodically transmit automatically MAC PDUs containing the MAC control element 'Timing Advance'. The period as configured by the TTCN is set to 80 % of the 'Time Alignment Timer' default value (750 ms) configured at UE.

Additionally the SS can be configured to automatically transmit a 'configured' UL grant at every reception of a Scheduling Request. This grant should be selected under the following restrictions:

-
All UE categories can handle this i.e. (for UE’s Cat 1 and above TBS <= 5160, for Cat 0 TBS <= 1000).

-
It is sufficiently large that most of uplink signalling messages can be transmitted. In case the grant is not sufficient to fit the whole UL data, the UE will have to wait for the expiry of RETX_BSR_TIMER and retransmit a SR. And hence the procedure is repeated.

The following 5 types of grant allocation configurations are possible. Grant allocation Types 1 to 3 are applicable, when the UE is in connected state. Grant allocation Type 4 is applicable when UE is establishing /re-establishing the RRC Connection, or during handover or in connected state but PUCCH is not synchronised. Grant allocation type 5 is applicable when UE is in connected state and is used for lower category UE’s when UL grants greater than Max TBS supported by UE is needed
Grant Allocation Type 1:

-
SS is configured to maintain PUCCH Synch.

-
SS is configured to send an automatically 'configured Grant' (in terms of IMCS and NPRB) to the UE on every reception of a Scheduling Request, within 10 subframes. The default configured grant is IMCS = 9 and NPRB = 25 for test cases without IMS signalling within the test body and IMCS = 20 and NPRB = 25for test cases with IMS signalling within the test body, unless explicitly specified in test cases.
-
By default this type of grant allocation is applied. The majority of Idle mode, RRC and NAS test cases, the preambles of all tests and the postambles of those tests for which UE is still PUCCH synchronised at the end of test body. A few Layer 2 tests also use this type of grant.

Grant Allocation Type 2:

-
Configure SS to maintain PUCCH Synch.

-
Configure SS to periodically transmit a grant (IMCS and NPRB). Number of grants (1 or more) and period (in ms) configured by TTCN.
-
The first grant transmitted is as specified in the explicit timing information. If timing information is "now" the SS selects the first suitable subframe for UL transmission.

-
The grant allocation period for TDD shall be assigned without conflict with the allowed UL subframes in the TDD subframe configurations. As example of allocation period, the TDD UL Grant allocation can be assigned as in multiples of 5 ms.
-
This type of grant allocation is applicable to the majority of RLC, PDCP and a few MAC test cases.

-
No additional grant is allocated on reception of any SRs.
Grant Allocation Type 3:

-
SS may or may not be configured to maintain PUCCH Synch.

-
Configure SS to transmit a one time grant (IMCS and NPRB) in the time requested by TTCN. The one time transmission is achieved by setting Number of grants=1 and period =Only once
-
This type of grant allocation is suitable for MAC and DRB tests when UE is in UL Synchronised state

Grant Allocation Type 4 (RACH configuration):

-
In addition to the 3 types of UL grant allocations, a fourth type of grant allocation during the RACH procedure is also possible, where the SS behaves as per the RACH procedure configured and allocates the configured grant during the RACH procedure. This UL Grant type is used in the configuration for the preamble in many situations, basically in MAC test cases. This type of grant is further used when UE is establishing/re-establishing the RRC connection or during handover, or when the UE is not PUCCH synchronised;
Grant Allocation Type 5:

-
SS is configured to maintain PUCCH Synch.

-
Configure SS to periodically transmit a grant (IMCS and NPRB) on reception of SR. Number of grants (1 or more) and period (in ms) configured by TTCN. The first grant is sent within 10 subframes of SR. Reception of SR starts/restarts periodic grant transmission. The default configured grant is IMCS = 12 and NPRB = 25 for UE Cat 1 and IMCS = 14 and NPRB = 4 for UE Cat 0, unless explicitly specified in test cases.

-
This type of grant allocation is suitable when UE category is lower than 2. The majority of Idle mode, RRC and NAS test cases, the preambles of all tests and the postambles of those tests for which UE is still PUCCH synchronised at the end of test body. A few Layer 2 tests also use this type of grant.

All the UL grant allocation methods define grant allocation in terms of IMCS and NPRB to be used. The SS shall allocate RBs corresponding to PRB indices 0..(NPRB-1).
3. ASP Changes 
	type union UL_GrantConfig_Type  {

    Null_Type                     OnSR_Reception,                 /* ... */

    PeriodicGrant_Type      Periodic,                       /*... */

   PeriodicGrant_Type        Periodic OnSR_Reception,  /* SS tranmits UL Grant as configured by CommonDciInfoUL_Type periodically; the periodic grant transmission is started/restarted on reception of a SR from UE

                                                                 * to be used in non L2 Test to enable large UL data transmission for lower        category UE’s (Cat <=1);
                                                                 */
    Null_Type                       None                            /* disable any grant transmission */

  };
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