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1 Introduction
In RAN2#98 meeting [1], it is agreed that RAR window size starts at fixed duration from the end of RACH transmission occasion, and the size of RAR window is configurable.
	RAN2#98 Agreements [1]
1. A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.  
As in LTE:
2. After transmitting the RACH preamble, UE monitors for RAR in RAR window
3. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
4. The size of RAR window is configurable 
5. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble
6. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.
7. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 
8. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.
9. When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.
10. When performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.



In RAN2 NR AH#2 meeting [2], the following agreement is made for random access procedure. 
	RAN2 NR AH#2 Agreements [2]:
1. The RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations.  From the RAN2 perspective, it is beneficial to be as low as possible, possibly zero.  Ask RAN1 what is the lowest processing time the UE can assume.    
2. Similar as in LTE, there is no HARQ for RAR transmission in NR.  


Moreover, in RAN1 NR AH#2 [3], multiple preamble transmission is agreed for contention free case:
	RAN1 NR AH#2 Agreements [3]:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 



In this paper, we provide our view on RAR design to support multiple preamble transmission for contention-free scenario.

2 Discussion
2.1 RAR window
According to the agreement in RAN2#98 meeting [1], RAR window size starts at fixed duration from the end of RACH transmission occasion, and the size of RAR window is configurable. To support multiple preamble transmission, a question is how we support this without much deviation from current agreement.
2.1.1 Starting time of the RAR window

According to agreement RAN2 NR AH#2[2], RAN2 thinks the latency between the end of a RACH transmission occasion and the start of RAR window is beneficial to be as low as possible. To minimize the latency UE waits for RAR reception, it is preferred that RAR window starts as early as possible, e.g. start just after the end of the first RACH occasions, if multiple preamble transmission is configured and UE are scheduled with multiple RACH occasions for Msg1 transmission.
Observation 1. To reduce unnecessary waiting time for RAR reception, RAR window should starts as early as possible, e.g., start just after the end of the first RACH occasion.
Proposal 1. If multiple RACH occasions are configured for contention-free RA, RAR window starts a fixed duration just after the end of the first RACH occasion.

2.1.2 Number of RAR window

The next question is how we configure the duration of RAR for the multiple RACH occasions. Two alternatives are illustrated in Figure 1.
· Alternative 1: Single RAR window
There is only one RAR window for consecutive preamble transmissions on multiple RACH occasions.
· Alternative 2: Multiple RAR window
There are multiple RAR windows for consecutive preamble transmissions on multiple RACH occasions. For example, a separate window may be applied for each distinct RACH occasion, or for RACH occasions with the same preamble UL TX beam, or for RACH occasions associated with the same SS block/CSI-RS beam. Multiple RAR window may be disjoint or be overlapped in time domain.
	

	


	(a) Single RAR window
	(b) Multiple RAR window

	Figure 1. Illustration of single and multiple (separate) RAR window



We have two concerns on multiple RAR windows:
· Additional RAR reception latency and limited gNB scheduling flexibility
If we apply multiple RAR window, each separate RAR window is implicitly associated with a certain RACH occasion and/or or SS block/CSI-RS beam. It means that gNB can only send RAR in the “right” RAR window even if gNB could schedule RAR in other RAR windows. This limits gNB’s scheduling flexibility and introduce additional latency for UE’s RAR reception. 

· Not scalable to distinguish PRACH
The only benefit of separate RAR window is that UE can implicitly know the information of detected preamble without explicit notification. For example, if UE receives a RAR in a certain RAR window, then since there is an association between RAR window and RACH occasions, UE know the preamble UL TX beam that could be detected by gNB. 

However, it is not efficient to distinguish PRACH by allocating separate RAR windows when the number of distinct PRACH configuration/association becomes large. The problem of extensive RAR reception latency and limited gNB scheduling flexibility is amplified as the number of distinguished PRACH configuration/association increases.

Observation 2: Multiple RAR window has no clear benefit in distinguishing PRACH, and may cause additional RAR reception latency and limited gNB scheduling flexibility.

Instead of implicitly distinguishing PRACH with separate RAR windows, we prefer to apply explicit indication in RAR to distinguish different PRACH configurations such as PRACH resource and beam association. In this way, we need only one large RAR window for each consecutive preamble transmission on multiple RACH occasions. That is, gNB could flexibility send UL grant in anytime of the RAR window upon detecting a qualified preamble. 

There are two ways for explicit PRACH configuration indication in RAR:
· Alternative 1: RA-RNTI only

· Alternative 2: RA-RNTI + other fields for indication
For example, RA-RNTI indicates the PRACH time-frequency resource, while the other fields indicates the association with SS-block/CSI-RS beams.
Proposal 2: A single RAR window is applied for each consecutive preamble transmission on multiple RACH occasions.
Proposal 3: RAR carries explicit indication to distinguish PRACH resource and configuration. The explicit indication includes RA-RNTI and possibly some assistant fields in RAR.

2.1.3. Number of transmitted/received RAR

As agreed in RAN1 NR AH#2 Agreements [3], the time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access. Therefore, network know whether preamble transmission on one RACH occasion is for contention-free or contention-based RACH resource. The network may have several ways to send RAR.
· Alternative 1. Send a separate RAR for each PRACH occasion whenever preamble transmission is detected.
· Alternative 2. Send a separate RAR for each PRACH occasion satisfying some criterions, e.g. the detected preamble is with detected RSRP above a threshold.
· Alternative 3. Send only single or several RAR in the whole RAR window after comparing all the detected preamble on the configured multiple RACH occasions.
Among the 3 alternative, alternative 1 aims for latency reduction, alternative 3 addresses robustness, and alternative is between alternative 1 and 3. And notice that in each of the 3 alternatives, UE could terminate RAR reception upon receiving the earliest arrived RAR for the purpose of simplicity and latency reduction.

Observation 3: There is a tradeoff between latency performance and robustness in deciding the transmitted RAR corresponding to detected preamble, which could be up to network implementation.  
Proposal 4: UE configured with multiple PRACH occasions is expected to receive one RAR in the RAR window. Once a RAR is received, UE terminates RAR reception.

2.2 RA-RNTI 
In legacy LTE, RA-RNTI address the transmitted preamble by indicating the time-frequency PRACH resource, i.e. RA-RNTI= 1 + t_id + 10*f_id. In NB-IoT, since a NB-IoT UE may select PRACH on non-anchor carrier, RA-RNTI calculation involves carrier identity, i.e., RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id. 
Introducing carrier identity in RA-RNTI calculation is also applicable to support supplementary UL (SUL). As the LS sent by RAN1 in [4], for coverage enhancement, UE could select a low frequency UL carrier for Msg1 transmission. Then it is natural that RA-RNTI calculation considers carrier id, so as to have a unified formula to distinguish preamble transmission on different UL carrier.
Observation 4: RA-RNTI calculation considering carrier ID has been applied for NB-IoT, and could be used for SUL case.
Proposal 5: RA-RNTI formula includes carrier identity.

PRACH resource for contention-free RA may be configured with different numerology from the reference numerology for initial access RA, e.g., for HO latency reduction, contention-free RA may apply a numerology with a shorter TTI duration then contention-based RA. Different PRACH numerology may cause different time duration and frequency range of a PRACH resource. To avoid RA-RNTI confusion, two possible alternatives could be considered.
· Alternative 1: Apply a reference time/frequency PRACH size to calculate RA-RNTI.
In this alternative, the time/frequency unit of PRACH applied for RA-RNTI calculation is based on the time/frequency unit of a reference PRACH time/frequency unit.
· Alternative 2: Each PRACH is associated with only one time/frequency PRACH size
In this way, the time/frequency unit of PRACH depends on the associated ones of the PRACH. And thus there is no need to introduce a reference PRACH time/frequency unit in to RA-RNTI calculation.

It is then clear that whether RA-RNTI calculation involves with reference numerology depends on how PRACH is configured, which is up to RAN1 decision.

Observation 5: Whether RA-RNTI calculation involves with time/frequency unit of reference PRACH numerology is up to RAN decision.

As agreed in RAN1#88, gNB can configure an association between DL signal/channel and RACH resources/ preamble indices, for determining Msg2 DL TX beam. As we addressed in [5], if these RACH resource associated with different SS-block are overlapped in time or even be scheduled in FDM manner, these separate PRACHs will have overlapped RAR window timing. With overlapped RAR window time, gNB cannot tell what the selected DL TX beam, e.g., SS-block or CSI-RS beam, is. To solve this problem, in [5] we suggest that RA-RNTI take SS block indices into account. 
Moreover, during handover, we suggest in [6] that UE should be able to reselect DL TX beam in case several failed RACH preamble transmission, so as to increase the successful probability of handover, in particular when the beam quality indicated by the network for HO is significantly degraded when UE initiate random access. If UE is allowed to reselect DL TX beam, then similar to initial access case indicated in [5] RAR should indicate the DL TX beam indices so as to avoid DL TX beam confusion.
 
Observation 6: For either contention-based or contention-free case, RAR should include DL TX beam indices to support flexible RACH resource allocation.

Proposal 6: RAR indicates the DL TX beam indices associated with the PRACH on which preamble transmission is detected.

3 Conclusion 
Based on the observations:
Observation 1. To reduce unnecessary waiting time for RAR reception, RAR window should starts as early as possible, e.g., start just after the end of the first RACH occasion.
Observation 2: Multiple RAR window has no clear benefit in distinguishing PRACH, and may cause additional RAR reception latency and limited gNB scheduling flexibility.
Observation 3: There is a tradeoff between latency performance and robustness in deciding the transmitted RAR corresponding to detected preamble, which could be up to network implementation.  
Observation 4: RA-RNTI calculation considering carrier ID has been applied for NB-IoT, and could be used for SUL case.
Observation 5: Whether RA-RNTI calculation involves with time/frequency unit of reference PRACH numerology is up to RAN decision.
Observation 6: For either contention-based or contention-free case, RAR should include DL TX beam indices to support FDM-based RACH allocation.
We propose:
Proposal 1. If multiple RACH occasions are configured for contention-free RA, RAR window starts a fixed duration just after the end of the first RACH occasion.
Proposal 2: A single RAR window is applied for each consecutive preamble transmission on multiple RACH occasions.
Proposal 3: RAR carries explicit indication to distinguish PRACH resource and configuration. The explicit indication includes RA-RNTI and possibly some assistant fields in RAR.
Proposal 4: UE configured with multiple PRACH occasions is expected to receive one RAR in the RAR window. Once a RAR is received, UE terminates RAR reception.
Proposal 5: RA-RNTI formula includes carrier identity.
[bookmark: _GoBack]Proposal 6: RAR indicates the DL TX beam indices associated with the PRACH on which preamble transmission is detected.
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